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PREFACE 


This manual covers the basic principles of opera- 
tion and hardware design of the NEC PC-8011 Expansion 
Unit. It should be read by anyone connecting the PC-8011 to 
a PC-8001 Computer. 
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CHAPTER 1 


FEATURES OF THE PC-8011 
EXPANSION UNIT 


The features of the PC-8011 are described below. 


32K RANDOM ACCESS MEMORY 


The PC-8011 contains 32K of Random Access Memory 
(RAM) of the NEC pPD416C-3 type and provides for the 
expansion of the PC-8001 memory map to a full 64K RAM. 


8K READ ONLY MEMORY 


The PC-8011 contains four sockets that accept NEC 
4PD2716 Read Only Memories/Programmable Read Only 
Memories (ROMs) or (PROMs). 


INTERRUPT CAPABILITY 


The PC-8011 has provisions for 16 levels of priority inter- 
rupts. Ten of these levels are available to you. 


RS-232-C INTERFACE 


Two channels of serial I/O are available. These channels 
are interrupt-driven NEC wPD8251C type Universal Syn- 
chronous/Asynchronous Receiver/Transmitters (USART) 
that operate at a baud rate of 4800, 2400, 1200, 600, 300, 150, 
or 75. The PC-8011 provides a 127-character buffer. 


MINI-DISK CONTROLLER PORT 


The expansion unit provides a controller port for the NEC 
PC-8031 Diskette Drive unit. This controller port consists of 
one NEC pPD8255AC-5 input/output (I/O) integrated cir- 
cuit (IC). 
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PARALLEL I/O PORTS 


Four parallel I/O ports are available. These ports are all 
Transistor to Transistor Logic (TTL) compatible. They are 
arranged as follows. 


e One 8-bit input port 
e One 8-bit output port 
e One 4-bit input port 
e One 4-bit output port 
The fan-out on the output is ten LSTTL loads. 


IEEE-488 (GP-IB) INTERFACE 


The PC-8011 has an IEEE-488 interface using an NEC 
uPD8255AC-5 IC and TTL logic. The interface uses the 
following subset: SH1, AH1, T6, L4, SR1, RLO, PPO, DCO, 
DTO, C1, C2, C3, C4, and C28. The interrupt capability is on 
ATN, SRQ. 


REAL-TIME CLOCK 


The PC-8011 has a real-time clock. The clock period is 1.67 
ms (600 Hz). It generates a maskable interrupt. 


I/O BUS 


The I/O provided by the PC-8011 allows I/O expansion 
using addresses 80H through O0AFH. This bus is TTL- 
compatible and has a fan-out of ten TTL loads. 

POWER SUPPLY 


The PC-8011 has an internal power supply that operates on 
220/240 V ~+10%, 50/60 Hz. Power consumption is 35 watts. 


1-2 


Precautions with the Power Supply 


It is important that you take the following precautions. 


e After turning off the power supply, wait at least five 
seconds before turning it back on. In the same manner, 
if the PC-8011 is unplugged with the power switch on, 
wait at least five seconds before plugging it back in. 


e Make sure that the power supplied to the PC-8011 is 
220/240 V ~ at 50/60 Hz. 


e Always grip the plug when plugging and unplugging 
the expansion unit. 


ENVIRONMENT REQUIREMENTS 


The PC-8011 will operate overa temperature range of 32° to 
95° F (0° to 35°C) and humidity range of 20% to 80% without 
condensation. The nonoperating storage temperature range 
is 5° to 140°F (-15° to 60°C), 


Precautions Regarding Environmental Conditions 
It is important that you take the following precautions. 
e To prevent heat build-up, the case of the PC-8011 has 
air vents. Do not block these vents or operate the PC- 
8011 in a place where the air circulation is poor. Do not 


store the PC-8011 in extremely hot or cold places or in 
places subject to extreme temperature changes. 


e Do not store or operate the PC-8011 in direct sunlight 
or near sources of heat. 


¢ Donot store or operate the PC-8011 in especially dusty 
or moist places. 


e Do not subject the PC-8011 to strong shocks or 
vibrations. 
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e Do not operate the PC-8011 with any foreign mate- 
rials, especially liquids or metallic objects, inside the 
case. 


e Donot store or operate the PC-8011 where it will come 
in contact with any strong chemicals or their vapors. 


BLOCK DIAGRAM 


An overall block diagram is given in Figure 1-1. 


+ DD PC-603) 


VO BUS 
EXTENSION 


414 BUS 
DRIVER 


RS-2N2Ch 1 RS-2IDCHI 


Figure 1-1 PC-8011 Block Diagram 
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DIMENSIONS 
The dimensions for the PC-8011 follow. 


Width: 
Depth: 
Height: 
Weight: 


16.92 inches (4830 mm) 
11.61 inches (295 mm) 
2.95 inches (75 mm) 

9.92 lbs. (4.5 kg) 


CAUTIONS 


Do not use strong chemicals to clean 
the case. Clean it only with a soft 
cloth moistened with water or a little 
detergent. 


In case of malfunction or any obvi- 
ous signs of trouble, such as over- 
heating, contact the PC-8011 dealer. 
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CHAPTER 2 
MEMORY 


The PC-8011 Expansion Unit expands the memory map of 
the PC-8001 computer. One 8K ROM area and one32K RAM 
area are available within the PC-8011. This memory is 
added to the PC-8011 in one of four available modes (see 
Figure 2-1. 


FFFF 


PC-8001 
RAM 


PC-8001 PC-8001 
RAM RAM 


PC-8001 
RAM 


8000 
JEFF 


6000 
SFFE 


PC-8001 
PC-8001 


MASKED 
ROM 


2000 N-BASIC 
TERE N-BASIC 


0000 
MODES MODE 1 MODE 2 MODE 3 


Figure 2-1 Memory Modes 


MODE 0 


In Mode 0, all of the memory within the PC-8001 is active. 
None of the memory in the PC-8011 is active. N-Basic will 
run in this mode. , 


MODE 1 


In Mode 1, the first ROM in the PC-8001 is disabled. In its 
place, the ROM area within the PC-8011 is enabled. The 
ROM area of the PC-8011 occupies addresses 0000 to 1F FF 
in the PC-8001 memory map. N-Basic will not run in this 
mode. 
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MODE 2 


In Mode 2, all of the ROM in the PC-8001 is disabled and 
replaced by the 32K RAM of the PC-8011. N-Basic will not 
run in this mode. 


MODE 3 


In Mode 3, the fourth ROM in the PC-8001, located at 
addresses 6000 to 7FFF, is disabled. In its place is the ROM 
area within the PC-8011. N-Basic will run in this mode. 


NOTE 


The computer can write the data 
and the program to the 32K RAM. 


MODE SELECTION 


You can select the operating mode of the PC-8011 by DIP 
switch or through software. 


Mode Selection by DIP Switch 


The mode of operation that the PC-8011 will enter when 
powered up or reset is determined by the setting of DIP 
switch “SW1” (see Figure 2-2). The proper switch settings 
for each mode are shown in Table 2-1. 


SSL SIFATTHORERA EAA RAAT 


— 
[NEC [Fe2os i 


FTES 


Figure 2-2. Switch SW1 Location 
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Because the restart address for all modes is 0, a power-up or 
reset causes the PC-8001 to enter N-Basic in Modes 0 and 3. 
In Mode 1, the PC-8001 enters the program contained in the 
ROM area of the PC-8011. Mode 2 cannot be chosen for 
auto-start after power-up or reset. 


Table 2-1 SW1 Settings 


MODE 
MODE 0 
MODE 1 


UNDEFINED ON POWER-UP 
(Same as Mode 1 on Reset) 


MODE 3 


Mode Selection by Software Control 


The mode control circuitry of the PC-8011 can be controlled 
through software by executing an “OUT” instruction. The 
actual data transmitted has no effect. To change modes 
during program execution, execute an “OUT” instruction 
for the address of the mode you want. The addresses and the 
corresponding modes are listed in Table 2-2. 


Table 2-2 Output Addresses and Corresponding Modes 


OUTPUT ADDRESS MODE 


KO MODE 0 
El MODE 1 
K2 MODE 2 
BE3 MODE 3 
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Table 3-1 RS-232-C Signal Lines (cont’d) 


LINE 
NUMBER| SIGNAL DESCRIPTION 
6 Data Set This signal is sent to the 
Ready PC-8011 by a peripheral 


device that is ready to 
receive data. 


~] 


Signal 
Ground 


20 Data Termi-| This signal is sent by 
nal Ready | the PC-8011 to peri- 
pheral devices when the 
PC-8011 is ready for 
transmission. 


21 
22 


3-2 


Table 3-1 RS-232-C Signal Lines (cont’d) 


LINE 


NUMBER | 


SIGNAL DESCRIPTION 


23 
24 
25 
26 


Signal levels used in the RS-232-C interface are given in 
Table 3-2. 


To perform serial-to-parallel conversions, the RS-232-C inter- 
face in the PC-8011 uses an NEC pPD8251. This LSI IC is a 
USART, which converts parallel 8-bit data sent to it by the 
CPU into a serial bit pattern for data transmission to a 
peripheral device and converts the serial bit pattern from 
the peripheral device to 8-bit parallel data for use by the 
CPU. The USART also provides the handshaking between 
the computer and its peripherals. 


Table 3-2 RS-232-C Signal Levels 


VOLTAGES | MIN MAX 


High Level " 
5V +15V 
Fish evel Input Voltage | 
Input Voltage Low Level 
Output Voltage mo-N “15 V 
High Level m 
6V +12. V 
owes Input Voltage 
Output Voltage Low Level 
Output Voltage “6V =e, 
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The 8251 is a programmable device with many operating 
modes. Before data can be transmitted or received, the 8251 
must be initialized by software control to operate in the 
mode you want. 


Because of its complexity, only those portions of the 8251 
necessary for operation of the RS-232-C are explained here. 


Before using the RS-232-C, you must set the baud rate clock 
supplied to the USART to match the baud rate of the peri- 
pheral device. Baud rate settings are described in the next 
section. 


To initialize the 8251, load it with a mode instruction anda 
command instruction. The mode instruction specifies the 
8251 basic transmission format and must be loaded imme- 
diately following an internal or external reset. (Internal 
resets are performed by command instructions.) Mode spec- 
ification can be made only once following a reset. To change 
mode, perform a reset. 


The command instruction controls the actual operation of 
the 8251 within the specified transmission format. You can 
change command instructions as often as necessary. 


Perform these instructions by storing an 8-bit data word in 
the internal registers of the 8251 using N-Basic, as explained 
in the following section. 


Data sent to the 8251 USART is interrupt-controlled. Each 
serial channel within the PC-8001 has its own 127-byte 
buffer and can receive data, at baud rates up to 4800, as long 
as the buffer is not full. 


USING THE RS-232-C INTERFACE 


Before using either of the serial I/O channels in the PC-8011, 
set the internal baud rate clock using DIP switch “SW2.” 
Set the transmission rate for Channel 1 with switches 1 
through 5 of SW2 (see Table 3-3). Set the transmission rate 
for Channel 2 with switches 6 through 10 of SW2 (see Table 
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3-4). These switches determine the frequency of the clock 
supplied to the USART. The actual baud rate is further 
determined by the operational mode, which can be pro- 


grammed to X16 or X 64. 


Table 3-3 Channel 1 Baud Rates (Asynchronous Mode) 


SW2* BAUD RATE 
X16 | x64 

4800 | 1200 

2400 600 

1200 300 

600 150 

300 75 


*Do not turn on more than one switch at a time. 


Table 3-4 Channel 2 Baud Rates (Asynchronous Mode) 


Sw2* BAUD RATE 
6 7 8 9 10 X16 | X64 
ON | OFF | OFF | OFF | OFF 4800 {1200 
OFF | ON | OFF | OFF | OFF 2400 600 
OFF | OFF | ON | OFF | OFF 1200 300 
OFF | OFF | OFF | ON | OFF 600 150 
OFF | OFF | OFF | OFF | ON 300 75 


*Do not turn on more than one switch at a time. 
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The location of SW2 is shown in Figure 3-1. 


SOCFOP OHH HAR AAA HRAALA 


<_ ° 


Figure 3-1 Switch SW2 Location 


After you have set SW2, use N-Basic for the rest of the 
initialization. The normal power-on or reset sequence of the 
PC-8001 does not initialize the serial ports in the PC-8011. 
N-Basic has statements especially for this purpose, the 
OUT statement and the INIT statement. Their format is: 


OUT £&HE4, &HFF 
INIT (PORT 4), (Mode Type), (Command Byte) 


The PC-8011 has only two serial ports. Therefore, (PORT #) 
can be 1 or 2. The second parameter of the INIT statement 
(Mode Type) is an 8-bit word that specifies the mode of the 
8251, as previously explained. The format for the mode 
instruction is given in Figures 3-2 and 3-3. The INIT state- 
ment is necessary for both serial ports, but the OUT state- 
ment is not necessary for both serial ports. The third 
parameter of the INIT statement (Command Byte) specifies 
the command instruction, which has been previously ex- 
plained. The format of the command byte, which is the same 
for synchronous and asynchronous modes, is given in Fig- 
ure 3-4, 
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MSB 


Figure 3-2. Asynchronous Mode Format 


Synchronous 
Mode 


x Purity Enable 
1:Enable 
0: Disable 


—» Purity Specification 
I:Even 
0:Odd 


Number of Stop Bits 


ee ee we ae ae 
fae ae (on ta 
[boner] a [vei | 2 


Figure 3-3. Synchronous Mode Format 


Crd rd 


Character Length 


0) 0 


0 0 


5 Bits 


6 Bits 7 Bits 


& Parity Enable 
1: Enable 
0: Disable 


+» Purity Specification 
1: Even 
0: Odd 


& External Syne Detection 
1: SYNDET = Input 
0: SYNDET = Output 


Single Character Syne 
1: Single Syne Character 
0: Double Syne Character 


Transmit Enable 

1: Enable 

0: Disable 

Data Terminal Ready 


1: Turns data terminal on 
0: Turns data terminal OFF 


Receive Enable 
1: Enable 
0: Disable 


Send Break Carrier 

1: Sends break character 

0: Usual operation 

~ Error Reset 

1: Resets error flags - PE,OE,FE 
0: No Operation 


- —~ Request to Send 
1: Turns RTS ON 
0: Turns RTS OFF 


- Internal Reset 
1: Returns 8251 to mode instruction format 
0: No Operation 


- Enter Hunt Mode 
1: Enables search for syne characters 
0: No Operation 


Figure 3-4 Command Byte 


Example of INIT Statement: 
INIT% 1, HDA, &H15 


After execution of this example, Channel 1 is configured as 
follows. 


Mode: Asynchronous 
Baud Rate: X16 mode 
Character Length: 7 bits 
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Parity: Odd 
Number of Stop Bits: 2 
State of Error Flags: Reset 
Transmit Enable: Set 
Receive Enable: Set 


You can change the command specification anytime after 
the INIT statement by using the OUT statement. The for- 
mat of the OUT statement follows. 


OUT (Port Address), (Command Byte) 
The actual port addresses follow. 


Port 1: C1 (hex) 
Port 2: C8 (hex) 


Example: 
OUT &HC1, &H25 
Execution of this example sets the RTS bit high. 


The status of the 8251 USART can be read using the INP 
function. 


Example: 
A= INP (Port Address) 
Or, if you want, the answer can be returned in hex. 


Example: 


A$ = Hex$ (INP (Port Address)) 


The port address is the same as explained in the OUT 
statement. 
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Example: 
A = inp(&HC1):printA 


A$ = hex$(INP(&HC1)):PrintA$ 


The actual format of the status word is given in Figure 3-5. 


Data can be sent to an RS-232-C channel with a Print'% 
statement. The format for this statement follows: 


Print% Port #, output data list 


SYN = fe . | Rx Tx 
ose] ey] oe J oc | ee | me] Bir] | 


Transmit Ready 
1: Ready 
0: Busy 
Receive Ready 
1: Ready 
0: Busy 
Lee «6Transmit Buffer Empty 
1: Empty 
0: Full 
fa Parity Error 
1: Error 
0: No Error 
— Over-run Error 
1: Error 
0: No Error 


— Framing Error 
1: Error 
0: No Error 
~ Sync character Detection 
1: Detected 
0: Not Detected 
- Data Set Ready 
1: Data Set Ready ON 
0: Data Set Ready OFF 
(Allows monitoring of the 
Data Set Ready Line) 


Figure 3-5 Status Word 
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Example 1: 
Print 1, a,b,c, d 


When this statement is executed, the values of variables a, 
b, c, and d are sent over Channel 1. 


Example 2: 
Print% 2, “EXAMPLE”, A$ 


When Example 2 is executed, the values of the string con- 
stant “EXAMPLE” and the string variable Ag are sent over 
Channel 2. 


As previously explained, the RS-232-C interface of the PC- 
8011 operates under interrupt control, with incoming data 
stored temporarily as needed in a buffer. Data in the input 
buffer can be read by assigning it to string variables using 
the INPUT statement. The format for INPUT% follows. 


INPUT% Port #, Variable List 


In this case, the delimiter is a carriage return followed by a 
line feed. All data between delimiters is regarded as one 
string and assigned to the corresponding variable. If a 
delimiter is not found in the buffer, execution waits until a 
delimiter is sent in over the RS-232-C interface. 


Example: 


INPUT% 1, a$, B$, C$: PRINT a$, B$, C$ 
ABCDEF 

12345678 

NEC 


OK 
NOTE 


In this case, these three items of 


data must be terminated by “,”. 
ABCDEF, 12345678, NEC, CR, L/F. 
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Using the INPUT$ function, strings of a specified length 
can be sent from an RS-232-C input buffer and assigned toa 
specified variable. The format for this function follows. 


INPUTS (string length, % Port #) 
Example: 
A$ = input$(3,%1):PrintA$ 


When this example is executed, three characters are read 
over Channel 1 and assigned to the variable A$. 


The PORT function returns the number of characters in the 
input buffer of the specified port. The format of the PORT 
function follows. 


PORT (Port #) 


Example: 


A= PORT (1): Print A 
23 
OK 


Two error messages concern the RS-232-C interface: 


e Port Not Initialized — Correct this problem by 
initializing the 8251 with the INIT% statement. 


e Communication Buffer Over® ow — This error 


message indicates that an attempt was made to enter 
data when the input buffer was full. 
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Example Program: 


100 ” 
DO 7 3636 36 36838 08 ee ae a a ae 


12@ ‘ PC-8011 RS-232 channel demo 


130° no SI/SO insertion is Provided 
A 4 1 HH HH ETE He HE He HE He eH HE ESE HE EE 
15¢@ ‘ 


160 ‘ set uP 

17@ OUT &HE4, &HFF 

18@ LINEINPLIT “Want hard copy?"+A$ 
19¢ IF As="y" THEN COPY=1 ELSE COPY=0 
200 LINEINPUT “Want lower case?"sA$ 
210 IF A$="y" THEN LOWER=1 ELSE LOWER=0 
22@ LINEINPUT “Want self echo?" +A$ 
230 IF A$="y" THEN ECHO=1 ELSE ECHO=0 
24@ LINEINPUT "Want auto L/F?" SAS 

254 IF A$="y" THEN LF=1 ELSE LF=0 

260 ' 

270 ‘ Initialze uPDE251i as follows: 
280 ‘ 2 stop bits 

290 ‘ no parity 

300’ 8 bit data 

Sié ‘ #16 baud rate factor 

320’ RTS=1,DTR=1 

336 ’ 

340 INIT %1+&HCEs) &H37 

35¢ / 

360 ‘ test aueuve and read if anys 

376 ¢ then print it 

380 ‘ 

396 IF PORT(1) THEN A$=INPUT$(1/41) !GOSUB S3@:PRINT A$s:IF COPY THEN LPRINT A$$ 
406 

41@ ’ test console status. 

420 ‘ read also if anyrand xmit it 
430 

440 AS=INKEYS:IF AS<>"" THEN GOSUB S3@:PRINT Z1,A$3:GOSUB 460:IF ECHO THEN PRINT 
A$;:IF COPY THEN LPRINT A$$ 

458 GOTO 390 

460 ’ 

470 ' aprend a L/F 

480 ’ if a character is C/R) 

ae , and L/F switch is on, 


510 IF LF THEN IF A$=CHR$(13) THEN AS=A$+CHRS(16) 
52@ RETURN 
330 ° 
548 ’ convert lower case letter 
95@ ‘ into upper caser 
ao ’ if LOWER case switch is off 
e° 
566 IF LOWER THEN RETURN 
590 IF A$>="a" AND A$<="z" THEN A$=CHR$ (ASC (A$) —-32) 
£8@ RETURN 
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CHAPTER 4 
I/O PORTS 


The PC-8011 has an I/O port for the controller in the PC- 
8031 Mini-Disk Drive Unit. When the PC-8011 Expansion 
Unit is used, the PC-8033 FDC I/O unit is not necessary. 


Interconnect the two units with the 34-conductor flat cable 
provided with the PC-8031 (see Figure 4-1) so that the “A” 
mark on the case of the PC-8011 is in line with the colored 
conductor of the flat cable. 


PC-8011 
SS 9 
sz 


Figure 4-1 PC-8011 Connected to PC-8031 Mini-Disk 
Drive Unit 


PARALLEL I/O PORTS 


The PC-8011 has several general purpose parallel I/O ports. 
All I/O signal levels for parallel ports are TTL levels. You 
can configure parallel I/O ports and use them for data 
transmission with programs written in machine language 
or N-Basic. 
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Eight-Bit Input Port 


The I/O address of the 8-bit input port is BO (Hex). Positive 
logic data presented at this port can be read onto the data 
bus. 


Eight-Bit Output Port 


The I/O address of the 8-bit output port is B1 (Hex). Data 
sent to address B1 is presented at this port as positive logic 
data. 


Four-Bit Input Port 


The I/O address of the 4-bit input port is B2 (Hex). This port 
uses positive logic and sets its data on the lower four bits of 
the data bus. 


Four-Bit Output Port 


The I/O address of the 4-bit output port is B38 (Hex). When 
the PC-8001 is reset, all lines of this port go high. Data on the 
lower four lines of the data bus is inverted and sent to this 
port as negative logic data. 


PARALLEL I/O PORT SIGNALS 


All parallel I/O port signals are TTL-level with a fan-out of 
ten LS TTL loads. These signals and their associated ter- 
minal are shown in Table 4-1. 


Table 4-1 Parallel I/O Port Signals 


TERMINAL | SIGNAL | TERMINAL | SIGNAL 


1 GND 2 DOO 
3 GND 4 DO1 
5 GND 6 DO2 
7 GND 8 DO3 
9 GND 10 DO4 
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Table 4-1 Parallel 1/O Port Signals (cont'd) 


TERMINAL | SIGNAL | TERMINAL | SIGNAL 


11 GND 12 DO5 
13 INT9 14 DO6 
15 INTS 16 DO7 
17 INO 18 DIO 
19 INI 20 DI 
21 IN2 22 DI2 
23 IN3 24 DI3 
25 OUTO 26 DI4 
27 OUT1 28 DI5 
29 OUT2 30 DI6 
31 OUTS 32 DI7 
33 +5 34 GND 


GND 

These lines serve as signal ground for all other signals. 
INTS8, INT9 

These are interrupt lines. For details, see Chapter 7. 


INO — IN3 
These lines carry the data for the 4-bit input port. 


OUTO — OUT3 
These lines carry the data from the 4-bit output port. 


DOO — DO7 


These lines comprise the 8-bit output port. 
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DIO — DI7 
These lines make up the 8-bit input port. 


Timing charts for these signals are given in Figures 4-2 
through 4-4. 


Data Output Timing 
Data Output Machine Cycle 


CPU Clock 
CPU Write Signal 


Output Port 
Write Signal 


30 ns MAX 


Data Output 


Output Data 


Figure 4-2 Data Output Timing 


Reset Timing for 4-bit Output Port 


RESET 


60 ns MAX 


Data Output 


Figure 4-3 Reset Timing for Four-Bit Output Port 


Data Input Timing 


— Data Input Machine Cycle — 


CPU Clock a 


CPU Read Signal 


iv’ Set Up 


Datalmput 


Figure 4-4 Data Input Timing 
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USING THE PARALLEL I/O PORTS 


The parallel I/O ports (see Figure 4-5) can be programmed 
for anumber of configurations. The explanation given here 
concerns only the most common configurations. 


PC-801 1 
uml Parallel 
1/O Port 


Figure 4-5 Parallel I/O Port Configuration 


Normally the computer and I/O device must exchange 
some kind of control] signals. This process is called “hand- 
shaking,” where the computer and I/O device exchange 
such information as status reports, read timing, and start 
timing. In the PC-8011, these signals are passed over the 
two 4-bit I/O ports. Input devices use lines DIO to DI7, and 
devices being transmitted use lines DOO to DO7. 


The parallel I/O port of the PC-8011 is a general-use port, 
and the data lines can be used in any configuration. 


Application Example 1: Connecting a Keyboard 


A wiring diagram for connecting a keyboard to the parallel 
port is shown in Figure 4-6. The following program controls 
the circuit given in Figure 4-6. The program waits until you 
press one of the keys, 0 to 15, then it reads the value of that 
key and assigns it to the variable F. 


+8 [a 5 ee 
bio C4 AW—4 
CMOS Buffer (@) 
(pPD4050,etc.) 
pu -~<} Res os AW 
pi2 [} <} AN —+ 
Pod 
an Fa | 
pW CJ —<} Red 4 
os CR <} Res AW 
o16é (—} <} Pes el WW 
pi? (} —~<} AW 
CMOS Buffer Pes 
GND \ 
Open Collector Key 
Driver| Switch 
ours -—_[>——_ 
mo— > 


Open Collector 
Driver(7407, etc.) 


Figure 4-6 Keyboard Circuit 
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Application Example 2: Connecting a Paper Tape 
Reader 


The circuit for connecting DPF-6A paper tape reader to the 
parallel port is given in Figure 4-7. The following program 
reads in one character and assigns that character to the 
variable B$. 


it 
mo CT <} 4 cor 
} 
it Co <} + 5 a 
2 o<} cme > rs 
13 Co o<} 1 om BT 
4 Co o<} Toa {—} ros 
4s CI: o<} + J Pps 
nis o<} i aca J ror 
muaaeen PTR 
PC-801 1's oy Co o<} 4 <I ro 
Parallel F 
1/O Port 
180 arene S, Carers EE Gore B 
rT at ee r 
or ->o-—-fo os 
re HD 
ust) CZ} ie {GND 


Figure 4-7 Paper Tape Reader Circuit Connections 
10 DATA &HF5, & HDB, &HB2, &HE6, &H02, LHCA 
&H81, &HFF 


20 DATA &H3D, &HD3, &HB3, &HDB, &HB2, &HE6, 
&H01, HCA 


30 DATA &H8B, &HFF, & HDB, & HBO, &H32, KHAO, 
&HFF, &H97 


40 DATA & HD3, &HB3, &HF1, &HCYI 
50 FOR A=&HFF80 to GHFF9B 

60 READ B: POKE A,B: NEXTA 
70 DEFUSR 0=&HFF80 
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Character-read routine from PTR 


1000 A =USRO(1) 

1010 BEPEEK(@&HFFAO) 
1020 B$=CHR$(B) 

1030 RETURN 


Application Example 3: Connecting a Printer 


The general circuit for connecting a printer to the parallel 
port is given in Figure 4-8. The following program sends the 
first character of the string assigned to the string variable 
A$. 


r—wW— 

poo (2 + 4 {—~} Do 
rw 

poi Ct} 4 + 4] D1 
Ww 


t l 
IN2 (C} + ie {—] READY 
4 ] 


ouT2? (7} {—] STROBE 


+5 (c} 


GND [} {—) GND 


Figure 4-8 Printer Circuit Connections 
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38 THEN 166 
CAS 


The above program outputs the first character of the string 
assigned to the string variable A$. 


CHAPTER 5 
IEEE-488 INTERFACE 


The PC-8011 contains an IEEE-488 interface as standard 
equipment. Any device using this bus can be connected 
directly to the PC-8011. The individual signal lines are 
shown in Figure 5-1. 


HANDSHAKING 
SIGNALS 


n 
=) 
a) 
< 
KH 
< 
a 


BUS CONTROL 
SIGNALS 


Figure 5-1 IJEEE-488 Signal Lines 


Lines DIO1 through DIO8 form an 8-bit directional data 
bus. Lines DAV, NFRD, and NDAC perform handshaking. 
Lines IFC, ATN, EOI,SRQ, and REN carry signals used by 
the bus controller. 


The functions of the IEEE-488 interface of the PC-8011 are 
given in Table 5-1. 
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Table 5-1 Functions of the IEEE-488 Interface 


FUNCTION | SUBSET FUNCTION 


SH SH1 Complete Function 
AH AH1 Complete Function 
Basic Talker 
T T6 Serial Poll 
Cancel Talker by MTA 
7 14 | Cancel Listener by MTA 
SR | SRI Complete Function 
RL RLO No RL Function 
PP PPO No PP Function 


DC No DC Function 
DT No DT Function 
Cl System Controller 
C2 IFC, REN Transmission 
C C3 Reply to SRQ 
C4 Transmission of Interface 
Messages 
C28 


The software for using the IEEE-488 bus is not a standard 
feature of N-Basic and must be added by installing an 
optional ROM IC. For details on installation of this IC, see 
the manual provided with it. The software adds the follow- 
ing statements to N-Basic. 


ON SRQ GOSUB 


Execution of this statement causes the interpreter to jump to 
the specified line number on the next service request (SRQ). 
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POLL 


This statement performs a serial poll of the device at the 
specified address. 


ISET 
Activates the REN or IFC signal 


IREST REN 
Resets the REN signal. 


PRINT@ 


Sends a character string to the device at the specified 
address. 


INPUT@ 


Assigns the data received by the device at the specified 
address as the value of a character string. 


LINE INPUT@ 


Reads the data received by the device at the specified 
address up to the first character return and line feed, and 
assigns it to a character string. 


WBYTE 
Sends data, such as multiline messages, to the interface bus. 


RBYTE 


Reads the data received by the device at the specified 
address and assigns it as the value of a numeric variable. 


STATUS 


Presets the status byte when making service requests. 
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IEEE Function 


Returns bus status. 


CMD DELIM 


Specifies a delimiter. 
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CHAPTER 6 
EXTENDED I/O BUS 
The PC-8011 has provisions for extending the I/O bus. 


All data, control, and interrupt lines that make up the 
extended I/O bus include drivers. The I/O addresses avail- 
able on the extended I/O bus are 80 through AF (hex). 
Memory cannot be connected to the I/O bus. 


Interrupts to the PC-8001 can be made using INTO through 
INT7. When an interrupt occurs, the vector data generated 
during that acknowledge cycle that corresponds to the 
interrupt is set on the data bus. By reading this data, the 
system can tell which device is requesting an interrupt. 
Interrupt vector data is given in Table 6-1. 


Table 6-1 Interrupt Vector Data 


Priority | Interrupt Vector Data p 


Order MSB Binary LSB | Hex 
Highest 00001100( 0c 
000011100 
00010000) 10 
00010010) 12 
00010100) 14 
00010110) 16 
00011000) 18 
OD O-On A Oot sol Te 
O° 0-0 eae O00 
Lowest 0001114104 1E 


NOTE: Lines INT8 and INT9 are also included in the I/O 
Port Bus. For details on interrupts, see Chapter 7. 
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The extended I/O bus signals are given in Table 6-2. 
Table 6-2. Extended I/O Bus Signals 


Term No. Signal Term No. Signal 
1 INTO 2 IDBO 
3 INTI 4 IDB1 
5 INT2 6 IDB2 
7 INT3 8 IDB3 
9 INT4 10 IDB4 
11 INT5 12 IDB5 
13 INT6 14 IDB6 
15 INT7 16 IDB7 
i; GND 18 IOR 
19 GND 20 IOW 
21 GND 22 Ao ..©}©»©—mh6+t = 
23 GND 24 Al 
25 GND 26 A2 
27 GND 28 A838 
29 GND 30 EXTO 
31 GND 32 EXTI 
33 GND 34 EXT2 
35 GND 36 RESET 
37 GND 38 INTV 
39 GND 40 WAIT 
41 GND 42 NMI 
43 GND 44 Mi 
45 +12 46 SCLOCK 
47 -12 48 ro) 
49 +5 50 GND 
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INTO — INT? 


These lines are active low for sending interrupts to the 
PC-8001 and generating interrupt vectors. For details, see 
Chapter 7. 


IDBO — IDB7 


These lines form a data bus. I/O addresses available for this 
bus are 80 to AF (hex). 


IOR 


This I/O Read signal goes low when the RD signal of the 
CPU is active during execution of an IN instruction for an 
I/O address from 80 to AF (hex). 


IOW 


This I/O Write signal goes low when the WR signal of the 
CPU is active during execution of an OUT instruction for an 
I/O address from 80 to AF (hex). Data is latched at the 
output port on the positive edge of this signal. 


AO — A3 


These signal lines are the lower four lines of the address bus 
of the CPU and are decoded and used along with lines EXTO 
through EXT2 to select peripherals. 


EXTO — EXT2 


These lines are the result of decoding the upper four bits of 
the I/O address (8 bits). The ranges of addresses that they 
correspond with are listed in Table 6-3. 


Table 6-3 EXTO — EXT2 Ranges of Addresses 


Signal I/O Address 
EXTO 80 — 8F 
EXT1 90 — 9F 
EXT2 AO — AF 
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These signals are used along with AO through A8 to select 
peripherals. 


RESET 


This signal comes directly from the bus of the PC-8001. 
When the PC-8001 is reset, RESET goes low for approxi- 
mately 20 us. 


INTV 


This signal is the interrupt acknowledge signal. It goes low 
during the interrupt acknowledge cycle. Data set on the 
data bus, when this signal goes active after an interrupt has 
been received, is used to clear the interrupt. 


WAIT 


The CPU of the PC-8001 can be putin a wait state by setting 
this line low. 


CAUTION 


Both the PC-8001 and PC-8011 use 
dynamic RAM, which must be con- 
tinually refreshed by the CPU. Re- 
fresh, which is normally performed 
automatically, does not occur dur- 
ing wait states. If the CPU is held in 
a wait state too long, the contents of 
RAM can be lost. 


NMI 


This line is used for sending nonmaskable interrupts to the 
CPU. NMI is active low. 


MI 


This signal is active low, indicating that the CPU is in 
machine cycle one. 
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SCLOCK 


This signal has a frequency of 76.8 kHz and a 50% duty 
cycle. It can be used as a baud rate clock. 


p 


This is the CPU clock. 

Timing for the signals on the extended I/O bus is shown in 
Figure 6-1. All signals are TTL level. Output signals drive 
ten standard LS TTL loads. 


The actual time in nanoseconds for components of the 
signals is given in Table 6-4. 


Table 6-4 Signal Components Time 


SIGNALS TYP MAX TIME 
TRR ns 
TAR ns 
TRA ns 
TCR 50 ns 
TRC ns 
TOR ns 
TRD ns 
TWTR ns 
TTWR ns 
TWWw ns 
TAW ns 
TWA ns 
Tcw ns 
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Table 6-4 Signal Components Time (cont’d) 


SIGNALS TIME 
TWC ns 
TDW ns 


TWD 


USING THE EXTENDED I/0 BUS 


This section explains the basic procedures for connecting 
peripherals to the extended I/O bus. Peripherals are 
selected by decoding lines EXTO to EXT2 and lines AO to 
A3. The IOR signal can be used directly as the read strobe, 
and the LOW signal can be used directly as the write 
strobe. The circuits for connecting various ports are given 
in Figures 6-2, 6-3, and 6-4. 
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ioe TRR + 
TOR 
TAR TRA 
ABO 
~3 
+ TCR TRC 
EXTO 
~2 
TpoR-—"~4} 
bo~7 
WAIT 


ABO ~ 3 


INTO ~ 9 


TINT 


INTV 


TID Tw 


Tol 


TRESET 
RESET 


Figure 6-1 Timing Signals 
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PORTA 


PORT B 


PORT C 


HPDBISSAC-S 


Circuit for connecting a PPI(pPD8255AC-5) 
1/O Address 80 (16 Hex)... Port — A 

81 (16 Hex)... Port - B 

82 (16 Hex)... Port — C 

83 (16 Hex)... Control 


Figure 6-2 Circuit for Connecting a wPD8255AC-5 


RESET (—}- 

bo C> (J vINo 

— DINI 

D2 CF DIN2 

D3 CO DIN3 

c DIN4 

Ds > DINS 

Dé C4 DING 

Db? DINT 
EXTO (—} HS IneUT 
STROBE 


HPB8212C 


Circuit for connecting interrupt input port 
(pPD8212C) (IN Address=80 Hex) 


Figure6-3 Circuit for Connecting an Interrupt Input Port 
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+) OUT STROBE 


Circuit for connecting interrupt output port 
(uPD8212C) (OUT Address=80 Hex) 


Figure 6-4 Circuit for Connecting an Interrupt Output 
Port 


CHAPTER 7 
INTERRUPTS 


Interrupt control logic is a standard feature of the PC-8011. 
The CPU (uPD780C-1) runs in Mode 2 as determined by the 
system program, N-Basic. The PC-8001 has 16 interrupt 
priority levels. The system uses five, and one level is unused; 
ten levels are available to you. 


MODE 2 INTERRUPT 


The uPD780C has provisions for both maskable and non- 
maskable interrupts. The PC-8011 can use both types of 
interrupts. However, only maskable interrupts can be used 
while N-Basic is running. 


Maskable interrupts, hereafter INT, can be enabled or dis- 
abled under software control. Thus, even if interrupts are 
being used by a program, continuous execution of impor- 
tant routines can be assured by setting the interrupt mask 
at the head of the routine. This is done with the interrupt 
mask flag (“IFF’’), which can be set and cleared by program 
control. 


The uPD780C has three interrupt response modes, any of 
which can be selected by software control. When N-Basic is 
running, Mode 2 is selected. 


In Mode 2, the programmer must maintain a table of 16-bit 
addresses that serve as interrupt vectors somewhere in 
memory (see Figure 7-1). When an interrupt occurs, a 16-bit 
pointer must be formed to get the starting address of the 
routine you want from this table. The upper 8 bits of this 
pointer are formed from the contents of the I register, and 
the lower 8 bits must be supplied by the interrupting device 
to the CPU during the interrupt acknowledge cycle. 


STRUCTURE OF PC-8011 INTERRUPT TABLE 


Interrupt logic in the PC-8011 uses two interrupt priority 
encoders (uPB8214X) to handle 16 levels of interrupts. 
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Lower Byte of Address 


TP MadRESS 
OP Padress 


Upper Byte of Address 


—$j 
Supplied by Interrupt Logic 


Table of Starting 
Addresses for 
Interrupt Routines. 


Figure 7-1 Interrupt Vector Configuration 


The interrupt table is located in the work area within the 
RAM of the PC-8001. This table is located from 0000 to OO1F 
in 16K systems, and from 8000 to 802F in 32K systems. The 
correspondence between interrupt channels and locations 
within the interrupt table is given in Table 7-1. 


Table 7-1 Interrupt Channels and Addresses 


Interrupt Table 
Addresses 


Content Channel 


Used by IEEE-488 
1 N-BASIC 
2 Used by . 
: eee IEEE-488 
4 Low-order byte | Real-Time 
S High-order byte Clock 
6 
7 
8 RS-232C 
9 Ch. | 
A RS-232C 
B Ch. 2 
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Table 7-1 Interrupt Channels and Addresses (cont'd) 


Interrupt Table 


Content Channel 
Addresses 
Cc Low-order byte 
D High-order byte INT? 
E Low-order byte 
F High-order byte INTS 
10 Low-order byte iNT? 
1] High-order byte 
LZ Low-order byte INTG 
3 High-order byte 
14 Low-order byte ae 
15 High-order byte HINTS 
16 Low-order byte INT4 
17 High-order byte 
18 Low-order byte 
INT3 
19 High-order byte 
1A Low-order byte INT? 
1B High-order byte 
IC Low-order byte INTI 
ID High-order byte 
IE Low-order byte INTO 


801F 


High-order byte 


USING THE INTERRUPT CONTROLLER 


The PC-8011 uses the wPB8214C interrupt priority con- 


troller to handle multilevel interru 


pointers for the interrupt table. 
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pts and to generate 


The 8214 can be roughly divided into two functional sec- 
tions. One section consists of the priority encoder, which 
assigns priority levels. The other section is the current sta- 
tus register section, which is used to mask interrupts. One 
8214 can handle eight levels of interrupts. The PC-8011 uses 
two cascaded 8214s to handle 16 interrupt levels. 


The priority encoder of the 8214 handles interrupt request 
signals for eight channels. The relative priorities of these 
eight channels are determined by hardware configuration. 
When the priority encoder receives two or more interrupt 
requests, it chooses the interrupt with the highest priority 
and encodes the priority level into a 3-bit value. The priority 
encoder has an interrupt signal latch, which is controlled by 
the interrupt inhibit flip-flop. 


Once processing of an interrupt by the CPU begins, the 
current status section masks any incoming interrupts of 
lower priority. For details, see Appendix Cc. 


USING INTERRUPTS 


Using interrupts requires that you understand the asso- 
ciated hardware and how the machine processes interrupts. 


Hardware 


An example of the hardware necessary for using the inter- 
rupt facilities of the PC-8011 is given in Figure 7-1. The 
circuit shown latches interrupt request signals until they 
can be received by the CPU. Interrupt requests transmitted 
from external devices over the active-low signal lines 
INTRQO through INTRQ9 set the SR flip-flops, informing 
the system that an interrupt has occurred. A single pulse 
over an internal interrupt line is all that is needed to make 
an interrupt request. 


When the SR flip-flops are set, their Q output, which is 
connected to lines INTO through INT9 of extended I/O bus, 
go low. These signal lines are directly connected to 8214s 
within the PC-8011. When the INTV signal goes low during 
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the acknowledge cycle after the CPU has received an inter- 
rupt request, data specifying the priority level of the inter- 
rupt is set onto lines D1 through D4 of the extended I/O bus. 
The data on these four lines is decoded to reset the flip-flop of 
the interrupt that has just been received. The circuitry with 
the SR flip-flops is shown in Figure 7-2. 


42 INTRQO 


3) INTRO! 


<a INTRO2 


Cc INTROS 


—c3 INTRQ4 


+3 INTROS 


1 INTROQG 


<3 INTROT 


<2 INTROS 


<3 INTROS 


Figure 7-2 SR Flip-Flop Circuitry 
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Processing Interrupts 


Using interrupts with the PC-8011 differs from normal 
interrupt processing in that the current status register of the 
8214 must be operated and the interrupt flag must be set. A 
generalized program for this procedure follows. 


(Entry point for interrupt routine) 


(save registers) 


LD A,(OEA55H) (0) 
PUSH AF 

(interrupt processing) (DI) (1) 
LD A, (interrupt label) (2) 
OUT (8214 address),A (3) 
LD (OE A55H),A (4) 
LD (OK A56H),A (5) 
EI 

(interrupt processing) (EI) (6) 
POP AF 

LD (OE A55H),A (7) 
OUT (8214 address),A 

(restore registers) 

RET (8) 


An explanation of the numbered steps of this program 
follows. 


(0) The priority level of the current interrupt; that is, the 
one immediately before the latest interrupt to occur, is 
stored at address OQEA55H. 


(1) The actual processing required by the interrupt is 
started in this step and is performed in the interrupt 
disabled state. An example of such processing would be 
the reading of the receive buffer when the RXrdy line of 
the 8251 goes active, indicating that a character has 
been entered. 
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(2) and(3) The priority level of the interrupt is written into 
the current status register of the 8214. Interrupt levels 
and the addresses of the 8214 to which they correspond 
are given in Table 7-2. 


Table 7-2 Interrupt Levels and Addresses 


Channel Interrupt Level 8214 Address 


NOTBRWNR OAS | 


Ornmnwro 


(4) The level of the new interrupt is stored at address 
EA55H. 


(5) The flag indicating that an interrupt has occurred is set 
by storing any value other than zero at address E456H. 


(6) This processing is any interruptable processing within 
the interrupt routine. (There may be none.) 


(7) All registers saved in step (0) are stored. 


(8) A return is made to the routine originally interrupted. 


Example Program 


The following program will read in one character from 
channel 1 of the RS-232-C interface and will store it at 
address “XYZ”’. 


entry point 


PUSH AF 
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LD 
PUSH 
IN 
LD 
LD 
OUT 
LD 
LD 
EI 
POP 
LD 
OUT 
POP 
RET 


A,(QEA55H) 
AF 

0COH 
(XYZ),A 

A,4 

OK4H,A 

(OR A55H),A 
(OH A56H),A 


AF 

(OK A55H),A 
OE4H,A 

AF 
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CHAPTER 8 
REAL-TIME INTERRUPTS 


The PC-8011 has facilities for real-time interrupt processing 
to service peripheral devices at regular intervals. 


MEANING OF REAL-TIME INTERRUPT 


The real-time clock used by the PC-8011 is derived by divid- 
ing the system clock of the PC-8001 down to 600 Hz. This 
clock is supplied to the interrupt control logic within the 
PC-8011, which uses it to interrupt the CPU every 1.67 ms. 


The real-time interrupt facility is especially convenient 
when a large number of external devices must be serviced 
and when high-speed replies are not necessary. Normally, 
peripheral equipment is serviced by using interrupts. How- 
ever, there are only ten interrupt channels open to you. For 
those cases where high-speed responses are not required, 
the real-time interrupt facility can be used, along with soft- 
ware, for the most efficient use of interrupt channels. 


By reading input ports, which are connected to service 
request lines of peripheral equipment, the CPU can tell 
which device is requesting service. The real-time input facil- 
ity can be used to read the input ports at fixed intervals, thus 
providing regular service to peripheral devices. With this 
arrangement, the CPU services a number of devices with 
only one interrupt channel. However, there is some addi- 
tional overhead involved with reading the I/O lines. 
Response time is determined by the frequency of the real- 
time clock. A block diagram and logic diagram of real-time 
interrupts are shown in Figure 8-1. 


GENERALIZED REAL-TIME PROGRAM 


A generalized program for real-time interrupt procedures 
follows. 


(Entry point for interrupt routine) 
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Port A (Handshaking) 


Port B (Handshaking) 


Port C (Handshaking) 


Control Port (Handshaking) 


Figure A-7 Disk Control 
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APPENDIX B 
CABLES AND CONNECTORS 


The cable for connecting the PC-8011 and PC-8001 is 
included as standard equipment. 


All of the PC-8011 I/O signals are available on edge connec- 
tors on the main PCB. The following cables and connectors 
or their equivalent should be used for making connection 
with these edge connectors (see Figure B-1). 


INTERFACE OR PORT | PART NO. OF CABLE 


RS-232C PC-8095 


IEEE-488 PC-8096 
Parallel I/O port 3M 3463-0001 
Extended I/O bus 3M 3415-0001 


PC-8011 PC-8001 


Da | 
Flat Cable 


Figure B-1 PC-8011 Connecting Cable 


NOTE 
Use shielded flat cable. 
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APPENDIX C 


uPB8214-C PRIORITY 
INTERRUPT CONTROLLER 


The uPB8214 is an eight-level priority interrupt controller. 
Designed to simplify interrupt driven microcomputer sys- 
tems, the vPB8214 requires a single +5 V power supply and 
is packed in a 24-pin plastic Dual Inline Package (DIP). 


The uPB8214 accepts up to eight interrupts, determines 
which one has the highest priority, then compares that 
priority with a software created current status register. If 
the incoming request has a higher priority than the inter- 
rupt currently being serviced, an interrupt request to the 
processor is generated. Vector information that identifies 
the interrupting device is also generated. 


The interrupt structure of the microcomputer system can be 
expanded beyond eight interrupt levels by cascading 
UPB8214s. The vPB8214’s interrupt and vector information 
output is open collector, and control signals are provided to 
simplify expansion of the interrupt structure. The pin con- 
figuration is shown in Figure C-1. The block diagram is 
illustrated in Figure C-2. 


FEATURES 
e Hight Priority Levels 
e Current Status Register and Priority Comparator 
e Easily Expanded Interrupt Structure 
e Single +5 Volt Supply 
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Table C-1 Restart Generation Table 


RESTART GENERATION TABL® 
D7 06 


PRIORITY 
REQUEST 
LOWEST 


1 | 
1 1 
1 1 
1 i 
1 1 
i 1 
1 1 
i 1 
1 1 


HIGHEST | Ry 


ae 


CAUTION RSTO will vector the progedm counter to location O (vero) and 
wnvoke The sume routine ay the “RESET uput to 8080A 


Current Status Register 


The current status register prevents an incoming interrupt 
request from overriding the servicing of an interrupt with 
higher priority. By software, the priority level of the inter- 
rupt being serviced by the microprocessor is written into the 
current status register on Bog to Bg. The bit pattern written 
should be the complement of the interrupt level. 


The interrupt level currently being serviced is written into 
the current status register by driving ECS (Enable Current 
Status) low. The uPB8214 only accepts interrupts with a 
higher priority than the value contained by the current 
status register. Note that the programmer is free to use the 
current status register for other than as described. Other 
levels can be written into it. The comparison can be com- 
pletely disabled by driving SGS (Status Group Select) low 
when ECS is driven low. This action causes the vPB8214 to 
accept incoming interrupts only on the basis of their prior- 
ity to each other. 


Priority Comparator 


The priority comparator circuitry compares the level of the 
interrupt accepted by the priority encoder and request latch 
with the contents of the current status register. If the incom- 
ing request has a priority level higher than that of the 
current status register, the INT output is enabled. Note that 
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this comparison can be disabled by loading the current 
status register with SGS 0. 


Expansion Control Signals 


A microcomputer design can often require more than eight 
interrupts. The vPB8214 is designed so that interrupt sys- 
tem expansion is easily performed by the use of three sig- 
nals: ETLG (Enable This Level Group); ENLG (Enable 
Next Level Group); and ELR (Enable Level Read). A high 
input to ETLG indicates that the wPB8214 can accept an 
interrupt. In a typical system, the ENLG output from one 
uPB8214 is connected to the ETLG input of another uwPB8214, 
etc. The ETLG of the uPB8214 with the highest priority is 
tied high. This configuration sets up priority among the 
cascaded uPB8214s. The ENLG output will be high for any 
device that does not have an interrupt pending, thereby 
allowing a device with lower priority to accept interrupts. 
The ELR input is basically an IC enable and allows hard- 
ware or software to selectively disable/enable individual 
yuPB8214s. A low on the ELR input enables the device. 


Interrupt Control Circuitry 


The pPB8214 contains two flip-flops and several gates that 
determine whether an accepted interrupt request to the 
yu PB8214 generates a system interrupt to the 8080A. A con- 
dition gate drives the D input of the interrupt flip-flop whe- 
never an interrupt request has been completely accepted. 
This action requires that the ETLG (Enable This Level 
Group) and INTE (Interrupt Enable) inputs to the wPB8214 
are high, the ELR input is low; the incoming request must be 
of a higher priority than the contents of the current status 
register, and the .PB8214 must have been enabled to accept 
interrupt requests by the clearing of the interrupt disable 
flip-flop. 


Once the condition gate drives the D input of the interrupt 
flip-flop high, a system interrupt (INT) tothe 8080A is gen- 
erated on the next rising edge of the CLK input to the 
yPB8214. This CLK input is typically connected to the @2 
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(TTL) output of an 8224 so that 8080A set-up time specifica- 
tions are met. When INT is generated, it sets the interrupt 
disable flip-flop so that no additional system interrupts are 
generated until it is reset. It is reset by driving ECS (Enable 
Current Status) low, thereby writing into the current status 
register. 


It should be noted that the open collector INT from the 
4PB8214 is active for only one clock period and thus must be 
externally latched for input to the 8080A. Also, because the 
INT output is open collector, when uPB8214s are cascaded, 
an INT output from any one sets all of the interrupt disable 
flip-flops in the array. Fach uPB8214’s interrupt disable 
flip-flop must then be cleared individually to generate sub- 
sequent system interrupts. Various parameters and charac- 
teristics of the vPB8214 are shown in Figures C-3 through 
C-5 and listed in Tables C-2 through C-4. 


Do 80B0A DATA BUS 


| 


Regal =a 


aa) 
R 
INTERRUPT |R3 
REQUESTS [Rq4 
Ry 

Re 


|alZ12I 


PY 
iD 


ENABLE 
CURRENT 
STATUS 
(FROM iO PORT DECODER) G 


Figure C-3 Typical wPB8214 Circuitry 
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ETLG 


as Fpoaeen 4 7 
aS 
Lae 
ren — oe “N LV So oe ee 
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we 
ECSS | TECSH 


ENLG 


30022 


OUT me 
i 30 pf 60082 


TEST CIRCUIT 


Figure C-4 Timing Waveforms 
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A 4.28 

& 283 Cx) 

c 254 at 

o Osi01 G07 1 0.004 
€ FAS) TT 

F 15 GO 

6 ‘2 MIN, 0.126 MIN, 
4 0.5 WIN. 0.07 MIN. 
I 5.20 MAX. 0.205 MAX 
3 S.77 MAX, O2275 MAX. 
k 15.24 Cx) 

L 432 052 

a 025201 G01 t 0.004 


Figure C-5 wPB8214C Outline 


Table C-2. DC Characteristics 


a= 0° C to +70°C, Vcc = 5V + 5% 


PARAMETER 


[uimits Cs 


SYMBOL Twain] TvP.O] 


pa] TEST CONDITIONS 


fen Ganp ones ve fT to pW Ms 
Input Forward Current ETLG input 

all other inputs k mA | 
input Reverse Current: EFLG input 80 uA VR=5.25V 

all other inputs 40 pA 
Input LOW Voltage: all inputs 0.8 Vv Vcc?5.0V | 
Input HIGH Voltage: all inputs T-v__[ Vec=8.0v 
Power Supply Current 130 [ma | @ d 
Output LOW Voltage: ali outputs 45 | Vv Igy = 10mA 
Output HIGH Voltage: ENLG output TV i loH= ImA 1 
Short Circuit Output Current. ENLG output 55 al mA | Vos=OV, Vcc :5.0V 
Output Leakage Current. INT and Ag-A2 100 yA | VceEx=5.25V 


Table C-3 Capacitance 


= 25°C 
PARAMETER 


Input Capacitance Cin 


Ec BAD a 


UNIT | TEST CONDITIONS 


| Output Capacitance | Cout 


pF VBIAS=2.5V 
pF | Vec5V 
| | f= ImHz 


Table C-4. AC Characteristics 


=0 Cto +70 C, Vcc = +5V + 5% 


ie 
PARAMETER SYMBOL tins | TEST CONDITIONS 
i Presi wa 


Clk [GR Cat tinw | Tinw Ipput ouise 

CUK, ECS INT Pulse Wygrh ip oo empaltude 26 Yor 
INTE Sets Time ta CLK tSS 

INTE Hold T me after CLK NSH 

ETLG Setup Time to CLK tetcs4 Input Hse and fail 


ETLG Hold Time After CLK 'ETCH ‘ay tumes 5 ns between 
ECS Setup Time to CLK teccs @ f Vand 2 Volts 
ECS Hold Time After CLK (5) 


ECS Srtap Time to CLK 2" 
ECS Setup Time to CLK recss @ 15 mA and 30 pF 


SGS and at B2 Setup T-me to CuK 


Speed measisements 


a 
fa | fs | 


= to oi A2 Propagation Delay 
ETLG to Ag- AQ Propagation Deiay 


SGS and Bg - Bg Setup Time to ECS (DECS & 
SGS and Bg -B2 Hold Tune After ° (pECH G@ 


Ro R7 to ENLG Propagation Detay 
ELTG to ENLG Propagation Delay 
ECS to ENLG Propagation Delay 
ECS ty ENLG Propagation Delay 


1 Typical values are for T, = 25°C, Voc = 5.0V 
2 By —B., SGS, CLK, Ro7 Ra grounded, all other inputs and al! outputs 
open, 


This parameter is periodically sampled and not 100% tested. 
4 Required for proper operation if NTE is enabled during next clock pulse. 


5 These times are not required for proper operation but for desired 
change in interrupt flip-flop. 


6 Required for new request or status to be properly loaded. 
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APPENDIX D 


uPD8251-C PROGRAMMABLE 
COMMUNICATION INTERFACES 


The wPD8251 and wPD8251A Universal Synchronous 
Asynchronous receiver/Transmitters (USARTs) (see Fig- 
ure D-1) are designed for microcomputer systems data 
communications. The USART is used as a peripheral and is 
programmed by the wPD8080 or other processor to commu- 
nicate in commonly used serial data transmission tech- 
niques including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data charac- 
ters for the processor. While receiving serial data, the 
USART also accepts data characters from the processor in 
parallel format, converts them to serial format and trans- 
mits. The USART signals the processor when it has com- 
pletely received or transmitted a character and requires 
service. Complete USART status, including data format 
errors and control signals such as TxE and SYNDET, is 
available to the processor at any time. 


PIN CONFIGURATION 


PIN NAMES 


Oats Bus (8 das) 
Control or Orta 4 to bs Written or Reed 
Reed Oats Commend 
Werte Dats o Controt Command 
Chip Enable 
Clock Pulse (TTL 
Revst 
Treneantter Gock (TTL) 


AxROY Recerves Ready (hes character tor BOSO) 


TxADY Trenemiter Ready (ready ter cher. trom 8080) 
cLK be Osta $41 Rese 
TxO OTA Date Termine’ Reedy 
SYNOET ‘Syne Derect 
TxE SYNDET BO | Sync Derect/Breek Ovwect 
Cre Ghee 2 to Send Date 
crs 
SYNDET (zP08281) Tat Trneidits Emoty 


+8 Volt Eupoty 
Ground 


SYNDET/8O (yPO8261A) 
TxR 


Figure D-1 ~PD8251/8251A Pin Configuration 
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FEATURES 


e@ Asynchronous or synchronous operation 
— Asynchronous: 
5 to 8-bit characters 
Clock rate — 1, 16 or 64x baud rate 
Break character generation 
Select 1, 1-1/2 or 2 stop bits 
False start bit detector 


Automatic break detect and handling 
(uPD8251A) 


— Synchronous: 
5 to 8-bit characters 
Internal or external character synchronization 
Automatic sync insertion 
Single or double sync characters 
@ Baud Rate (1X Model) — dc to 56K baud (uPD8251) 
— dc to 64K baud (uPD8251A) 
Full duplex, double buffered transmitter and receiver 
Parity, overrun, and framing flags 
Fully compatible with 8080/8085/puPD780 (Z80™) 
All inputs and outputs are TTL-compatible 
Single +5 Volt supply 
Separate device receive and transmit TTL clocks 
28-pin plastic DIP package 
N-channel MOS technology 


ym: Z80 is a registered trademark of Zilog. 


D-2 


FUNCTIONAL DESCRIPTION 


TheyuPD8251 and yPD8251A USARTs are designed specifi- 
cally for 8080 microsystems but work with most 8-bit pro- 
cessors. Operation of the yPD8251 or uPD8251A, like other 
I/O devices in the 8080 family, are programmed by system 
software for maximum flexibility. 


In the receive mode, the uwPD8251 or uwPD8251A converts 
incoming serial format data into parallel data and makes 
certain format checks. In the transmit mode, it formats 
parallel data into serial form. The device also supplies or 
removes characters or bits that are unique to the communi- 
cation format in use. By performing conversion and format- 
ting services automatically, the USART appears to the pro- 
cessor as a simple or “transparent” input or output of 
byte-oriented parallel data. 


uUPD8251A FEATURES AND ENHANCEMENTS 


The wPD8251A is an advanced design of the industry 
standard 8251 USART. It operates with a wide range of 
microprocessors, including the 8080, 8085, and pPD780 
(Z80™), The additional features and enhancements of the 
UPD8251A over the yPD8251 are listed below. The basic 
operation is shown in Table D-1. A block diagram of the 
UPD8251A is shown in Figure D-2. 


1. The data paths are double-buffered with separate 
I/O registers for control, status, Data In and Data 
Out. This feature simplifies control programming 
and minimizes processor overhead. 


2. The Receiver detects and handles “break” automati- 
cally in asynchronous operations, which relieves the 
processor of this task. 


3. The Receiver is prevented from starting when in 
“break” state by a refined Rx initialization. This also 
prevents a disconnected USART from causing 
unwanted interrupts. 

4. When a transmission is concluded, the TxD line 
returns to the marking state unless SBRK is 
programmed. 
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or 


10: 


11. 


The Tx Disable command is prevented 
from halting transmission by the Tx Enable Logic 
enhancement until all data previously written has 
been transmitted. The same logic also prevents the 
transmitter from turning off in the middle of a word. 


Internal Sync Detect is disabled when 
External Sync Detect is programmed. An External 
Detect Status is provided through a flip-flop that 
clears itself on a status read. 


The possibility of a false sync detect is minimized by: 


— ensuring that if a double sync character is 
programmed, the characters be contiguously 
detected. 

— clearing the Rx register to all Logic 1s (VQH) 
whenever the Enter Hunt command is issued 
in Sync mode. 


The RD and WR do not affect the internal operation 
of the device as long as the uPD8251A is not selected. 
The yPD8251A Status can be read at any time; how- 
ever, the status update is inhibited during status 
read. 

The vPD8251A has enhanced AC and DC character- 
istics and is free from extraneous glitches, providing 
higher speed and improved operating margins. 


Baud rate from DC to 64K. 


Table D-1 Basic Operation 


0 _| [0 | uP08251/uPD8251A ~ Data Bus _| 
me [0 [Data Bus + P8251 /uPDB251A | 
ae] i [0] Status DataBus 
ff ar ma 
| Xx | td 


Data Bus > Control 


Data Bus > 3-State 


TM:Z80 is a registered trademark of Zilog. 
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TRANSMIT 


READMWRITE 
CONTROL 
LOGIC 


TRANSMIT 
CONTROL 


RECEIVE 
BUFFER 
(S -P) 


RECEIVE 
CONTROL 


MODEM 
CONTROL 


ey, 


y, 


INTERNAL 
DATA BUS 


AxROY 


RE 


SYNOET (uPD8251) 
SYNDET/BD iuPO8251A) 


J 


Figure D-2. Block Diagram 
ABSOLUTE MAXIMUM RATINGS* 


Operating Temperature ................ -0°C to +70°C 
Storage Temperature ............5005 -65°C to +125°C 
All Output Voltages ...............05. -0.5 to +7 Volts 
All Input VOMa@es: sgt be oee swt eae v's -0.5 to +7 Volts 
Supply Voltages sua eis seven teawredna -0.5 to +7 Volts 


COMMENT: Stress above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


*T., = 25°C 
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DC characteristics, capacitance, and AC characteristics are 
listed in Tables D-2 through D-4. 


Table D-2. DC Characteristics 


* OC to 70°C: Vcc = 5.0V + 5%. GND = OV 


J ae 
PARAMETER YMBO UNIT TEST CONDITIONS 


Te ae 
Input High Voltage 


| 25) 
uPO8251) ign = 1.7mA 
uPOB251A Io, = 2.2MA 


| uPOB251 Igy = -106 uA 
103 
fio | 


T| 


- 


= 
= 


< 


Output Low Voltage VoL 


Output High Voltage 


Oata Bus Leakage 


Input Load Current 


Power Supply Current 


iM uPOB251A Ion = -400uA 
oe fee 


Vout * Vec 
At §.5V 


uPOB251A Alt Outputs « 
Logic 1 


Table D-3 Capacitance 


< 
o 
x 
bod 
o 
4 
|e | ae 3 
vw 


El a ; g 
a 


= 28°C. Vcc = GND = OV 


Ta 
PARAMETER 


Input Capacitance 


KS Le 
eee aes 
ca 


LIMITS 


SYMBOL 


fe = 1 MHz 


Unmessured 
Pins returned 
to GND 


Table D-4 AC Characteristics 


T, OC1070C Voc 50V- 5% GND: OV 


ee 
ne 
Ses GL MN SL coworTions 
Pree ee READS = ee ee 


‘Address Stable belore READ, (C8, C70) [ o | [ | 
200 vPDB251 Cy < 100pF 
: uPDB25IA Cy - 150 pF 
200 100 Cy + 100 pF 
wPoerst Coe ear 


‘Address Maid Time for HEAD, (C8, CD) 
WAITE 


READ Pulse width 
0 
0 
250 
150 
O 
6 


Dasa Delay trom READ 
OTHER TIMING 


8 


= 
READ to Data Fioating 


Address Stable betore WRITE 


Address Hold Time tor WRITE” 
[BRITE Poise Wisin 

Data Set Up Time for WRITE | 
[Data Hoid Time tor WRITE 

Recovery Time Between WRITES (2) 


Chock Period G3) tcy ovo] 13s | 032 = 
[Clock Pulse Width High tow 220 120 = 30 
aed 

Clock Pulse Width Low tow 


Chock Ante and Fall Time 


TxD Delay trom Falling Edge of Tx OTe 


[10 [ tore | 
Re Dara Ser Up Teme 10 Sampling Puise | sry _| 
Re Data Hold Time to Sampiing Pulse [ HAs | 


Trarsmitter Input Clock Frequency Tx 
1X Baud Rate 
16X Baud Rote 
64x Baud Rate 


uPOB251 Cy « 100 pF 


r 


Transmitter Inpy. Clock Purse width Tew 
1X Baud Rate 
16X and 64X Baud Rare 


a 
2 
gole 
S ae re 
ZS 
wale 
E EEE fe 


Transmitter Input Clock Pulse Qelay 'TPD 
1X Baud Rate 
16X end G4X Baud Rate 


Receiwer Input Clock Frequency 
YX Baud Rate 
16% Baud Rare 
64 Baud Rate 


RE | | = 


tRe 


+ 
Recever Input Clock Puise Width 
1X Boud Rate 


16X and 64X Baud Rate icy 


| Seana 
Recesver Input Clock Pulte Delay 


[a8 
1X Baud Rate 15 icy 
6X and 64K Baud Rate 3 tCY 
ROY Detay trom Center of Data Bu Te 16 8 tcy |wPOB25t cy + 50pF 
[RURDY Delay from Center of Data But RX 20 24 “cy 
Internal SYNOET Delay trom Center ts 2 24 tcy 
pot Oara 8 
External SYNDET Set Up Time betore tes 16 16 \cy 
F aliing Edge of An 
TxEMPTY Delay trom Center of Data Bit Tx 16 20 tcy [PD8751 Cc = SOF 
‘ontrol Delay from Ausing Edge of we 16 8 tcy 
WAITE (TaE OTA RTS! 
ss 
Control 10 AEAD Set Up Time (OSA CTS) | ica 16 20 tev 


Notes @ AC remings measured at Von = 20 Voy + 0B. and wih toad curcunt of Figure | 
@ Ths recovery mers tor inutiahization only, when MODE. SYNC* SYNC? COMMAND and hirst DATA BYTES we 
wrtien iato the USART Subsequent writing af both COMMAND end DATA are only allowed when TRRDY * 1 
@® The Ta and Ral trequencies have the following limitations woth respect to CLK 
For 1X Baud Rate. (7, of (yy S P/O Icy?! 
Foe 16X and G4X Baud Ante fry ur lay © IAS tcy? 


@ Reset Pulse Wath + 6 cy minimum * 
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A test load circuit is shown in Figure D-3. 


2Vv 


51082 (8251} 
42082 (8251A) 


4 OUTPUT DELAY Ins) 


cy 24K (8251) 
l 6K (8251A) 


Figure 1 
4 CAPACITANCE (pF) 


Typical A Output 
Delay Versus A Capacitance (pF) 
TEST LOAD CIRCUIT 


Figure D-3 Test Load Circuit 


Various timing waveforms are shown in Figure D-4. 


CLOCK i 


SYSTEM CLOCK INPUT 


— (TPO 
TxC 11a MODE! 


Tx€ (16x MODE! 


IDTX tOTX 
Tx DATA 


TRANSMITTER CLOCK AND DATA 


'Rx BAUD COUNTER STARTS HERE) 
START BIT 


b 
'RPD 
-——— 'RPW 


8 RxC PERIODS 
(16x MODE} 16 RxC PERIODS (16x MODE) 


Ru DATA 


DATA BIT 


DATA BIT 


AxC ttx MODE: 


RxC (16 MODE} 


INT SAMPLING 
PULSE 


RECEIVER CLOCK AND DATA 


Figure D-4 Timing Waveforms 
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TIMING WAVEFORM 
(CONT.) 


'Tx ADY CLEAR 


DON'T CARE DON’T CARE 


WRITE DATA CYCLE (PROCESSOR + USART) 


Rx ROY 


Rx ADY CLEAR 
RD 


Fk Te) 


DATA OUT ACTIV 


READ DATA CYCLE (PROCESSOR + USART) 


DATAOUT IOS) DATA FLOAT DATA FLOAT 


c/5 


3 


@ 


She eee ee ee 
we +4 


WRITE CONTROL OR OUTPUT PORT CYCLE 
(PROCESSOR + USART} 


Figure D-4 Timing Waveforms (cont'd) 
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DATA OUT 
{0.8.) 


c/5 


- Ser= “— 


READ CONTROL OR INPUT PORT CYCLE 
(PROCESSOR « USART) 


NOTES 0) Tyre Inctwdes tho reapencs tng of 8 control bye. 


® Top inched the effect of CTE en the THENBL exevitry 


crs 


Tx EMPTY 


Tx READY 
(STATUS BIT) 


Tx READY 


(PIN) 
cid 
Wh 
Tx DATA 
OK NMeNo 
DATACHAR1 DATACHAR? DATACHAR 3 ATA CHER 


START BIT 
OATABIT 5 


EXAMPLE FORMAT « 7 BIT CHARACTER WITH PARITY AND 2 STOP BITS 


TRANSMITTER CONTROL AND FLAG TIMING 
(ASYNC MODE) 


(uPOB251A) 


BREAK OETECT 
OVERRUN ERROR 
(STATUS BIT! 

Ax ROY 


Wr RxEn ! i eee 1 We RxEn 


EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY AND 2 STOP BITS 


START BIT 
OATA BIT 


RECEIVER CONTROL AND FLAG TIMING 
(ASYNC MODE) 


Figure D-4 Timing Waveforms (cont'd) 
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TIMING WAVEFORM 
(CONT.) 


crs 
Te EMPTY 


Te REAOY 
ASTATUS BIT) 


Tx REAOY 
(PND 


co 
wa 


Tx OATA 


SPACING PAR PAR 


2a 
>rg 
2 


PAR PAR PAR PAR 


i DATA SYNC SYNC DATA DATA STATE 
CHAR} CHAR2 CHART CHAR2 CHAR3 CHAR SMARKING TAARKING DATA SYNC 
STATE STATE CHARS CHAR 


EXAMPLE FORMAT + § BIT CHARACTER WITH PARITY AND 2 SYNC CHARACTERS 


TRANSMITTER CONTROL AND FLAG TIMING 
(SYNC MODE) 


a 
SYNOET 
SYNODET 15.8) 


OVERAUN 
EAROA IS 8 = oa 


Re ADY (PIN! ee = nal 


PANT Guam ANS REC UN va van cam 


[Ext HUNT MODE txt Hunt MODE SET SYNDET ISTATUS BIT) 
SET SYNC OET SET SYNDET (STATUS BIT! 


RECEIVER CONTROL AND FLAG TIMING 
(SYNC MODE) 


Notes. ( Internal sync, 2 sync characters, 5 bits, with panty 
D Externat sync, 5 bits, with panty 


Figure D-4 Timing Waveforms (cont’d) 
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Pin identification for the USART is given in Table D-5. 
Table D-5 Pin Identification 


Pwo [svmeoc | wane] 


Data Bus Buffer 


FUNCTION 


An 8 bit, 3-state bedirectionai buffer used to 
(nterface the USART to the processor data 
bus Data is transmitted or received by the 
buffer in response to input/output or Read 
Write instructions from the pracessor The 
Data Bus Buffer also transfers Control words 
Command words, and Status 


+S valt supply 
Ground 


Vcc Supply Voltage 
Ground 


This togic bloc! accepts inputs from the pro 
cessor Controt Bus and generates contro! siqnats 
fur overall USART operutian The Mode 
Insteuction and Command tnstruction registers 
that store the control formats for device func 
hung! detinition are located in the Read 

Write Control Logic 


Read Write Contot Logie 


2) 


Aone’ an this input foes the USART into the 
“Hdle” rhode whentit yedl cemaa unl remnetial 
ized with a new set of control words. Minimum 
RESET pulse width is 6 tcy 


20 CLK Cluck Pulse The CLK input provides for internal device tim 
ng and 1s usually connected to the Phase 2 (TTL 
output of the yPB8224 Clock Generator 

External inputs anu outputs are not referenced 
to CLK but the CLK frequency must be at 

Feast 30 tunes Ie Receiver ar Transmitter 

Clocks the synchronous mode and 4 § 


times for the syachronous mode 


WR Write Data 


AV eero” 09 hy input instructs the USART 
TO accept tht dutd or contral word which 
the processor is writing Out on the 


data bus 


RD “TP Read Data A “zer9" on this input enstructs the USART 
fo place the duta or status information 

onto the Data Bus for the processor to 

read 


co Control Duta The Control Datd input, in conjunchon with the 
WR and RD inputs. ntorms the USART to 
ACLUPL OF PrOvide totne: gu data character, 
LUNTIOL WOrd OF Status toendton ve the 

| Quta Bus GO Ustu 1 Contear 


A “eera”’ on this input enables the USART to 
read from or write to the processor 


& Chip Select 


The uPD8251 und uPD8251A have a set of 
Mouvem Control control inputs and outputs which may be used to 
simplify the interface to a Modems 


Oata Set Ready The Data Set Ready input can be tested by the 
Processor via Status information The OSR input 
's normally used to test Modem Data Set Ready 


condition 


OTR ‘| Data Terminal Ready | The Data Terminal Ready output can be con 
trolled via the Command word The OTR output 
s normally used to drive Modem Data Te:mina! 
i Ready or Rate Select lines 


RIS TT Reques! to Send The Request to Send output can be controtied 
via the Command word The RTS output ss 
normally used to drive the Modem Request to 
Send line 


cits Clear to Send A “zero” on the Cleat to Send input enables the 
USART to transmit serial data 4 the TxEN tit in 
the Command Instruction regtster 1s enabled 
fone) 
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TRANSMIT BUFFER 


The Transmit Buffer receives parallel data from the Data 
Bus Buffer on the internal data bus, converts parallel to 
serial data, inserts the necessary characters or bits needed 
for the programmed communication format and sends 
composite serial data on the TxD pin. 


Pin identification for the transmit buffer of the USART is 
given in Table D-6. 


Table D-6 Pin Identification 


FUNCTION 
symeou[ NAME 


The Transmit Control Logic accepts and outputs 
Transmit Control Logic all external and internal signals necessary for 


serial data transmission. 
TxRDY 


Transmitter Ready Transmitter Ready signals the processor that the 
transmitter is ready to accept a data character. 
TxROY can be used as an interrupt or may be 
tested through the Status information for polled 
operation, Loading a character from the processor 
automatically resets TxRDY, on the leading edge. 
The Transmitter Empty output signals the 
processor that the USART has no further char- 
acters to transmit. TxE is automatically reset 
upon receiving a data character from the pro- 
cessor. In half-duplex, Tx€ can be used to signal 
end of a transmission and request the processor 
to ‘turn the line around,” The TxEn bit in the 
command instruction does not effect TxE. 


Transmitter Empty 


In the Synchronous mode, a ‘one’ on this out- 
put indicates that a Syne character or charac- 
ters are about to be automatically transmitted 
as ‘fillers’ because the next data character has 
not been loaded. 


The Transmitter Clock controls the serial charac 
ter transmission rate. In the Asynchronous 
mode, the Tx frequency is a multiple of the 
actuat Baud Rate. Two bits of the Mode Instruc- 
tion select the multiple to be 1x, 16x, or 64x 
the Baud Rate. In the Synchronous mode, the 
FxC frequency is automatically selected to 
equal the actual Baud Rate. 

Note that for both Synchronous and Asynchro- 
nous modes, serial data ts shifted out of the 
USART by the falling edge of TxC. 


The Transmit Control Lagic outputs the 
composite serial data stream on this pin. 


Transmitter Clock 


Transmitter Data 
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The USART interface to the standard system bus is shown 
in Figure D-5. 


Figure D-5 yuPD8251 and uwPD8251A Interface to 8080 
Standard System Bus 


ADDRESS BUS 


CONTROL BUS 


a ar o2 
VOR VOW | RESET (TTL) 


DATA BUS 


uPD8251/8251A 


RECEIVE BUFFER 


The Receive Buffer accepts serial data input at the RxD pin 
and converts the data from serial to parallel format. Bits or 
characters required for the specific communication tech- 
nique in use are checked and then an eight-bit ‘““assembled”’ 
character is readied for the processor. For communication 
techniques that require less than eight bits, the wPD8251 
and uPD8251A set the extra bits to “zero”. 
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The pin identification for the Receive buffer of the USART 
is given in Table D-7. 


Table D-7 Pin Identification 


FUNCTION 
[wo [ svmeot | NAME 
R c nt This block manages ali activities related to 
eceiver Contro Ogic incoming data. 


Receiver Ready The Receiver Ready output indicates that the 
Receiver Buffer is ready with an “assembled’’ 
character for input to the processor. For Polled 
operation, the processor can check RxRDY 
using a Status Read or RxRDY can be con- 
nected to the processor interrupt structure. 
Note that reading the character to the pro- 
cessor automatically resets RxRDY. 


Receiver Clock The Receiver Clock determines the rate at which 
the incoming character is received. In the Asyn- 
chronous mode, the RxC frequency may be 1.16 
or 64 times the actual Baud Rate but in the Syn- 
chronous mode the RxC frequency must equal 

the Baud Rate. Two bits in the mode instruction 
select Asynchronous at 1x, 16x or 64x or Syn- 

chronous operation at 1x the Baud Rate. 


Unlike TxC, data is sampled by the uPO8251 and 
uPD8251A on the rising edge of RxC. OD 


A composite serial data stream is received by 
the Receiver Control Logic on this pin 


The SYNC Detect pin is only used in the 
Synchronous mode. The »PD8251 may be pro- 
grammed through the Mode Instruction to 
operate in either the internal or external Sync 
mode and SYNDET then functions as an output 
or input respectively. In the internal Sync mode, 
the SYNDET output will go to a “one” when 
the uPD8251 has located the SYNC character 

in the Receive mode. If double SYNC 

character (bi-sync) operation has been pro- 
grammed, SYNDET will go to “‘one” in the 
middle of the last bit of the second SYNC 
character. SYNDET ts automatically reset to 
"zero" upon a Status Read or RESET. In the 
external SYNC mode, a “zero” to “one” transi- 
tion on the SYNDET input will cause the 
uPDB251 to start assembling data character 

on the next falling edge of AxT. The length of 
the SYNDET input should be at least one RxC 
Ppertod, but may be removed once the 

uPODB251 is in SYNC 


Receiver Data 


SYNDET Sync Detect 


(uPD8251) 
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Table D-7 Pin Identification (cont.) 


FUNCTION 
symaot | __Nawe 


SYNDET/BD} Sync Detect/ The SYNDET/BD pin is used in both Synchron- 

(uPO8251A) | Break Detect ous and Asynchronous modes. When in SYNC 
mode the features for the SYNDET pin 
described above apply. When in Asynchron- 


ous mode, the Break Detect output will go 
high when an all zero word of the programmed 
length is received. This word consists of: start 
bit, data bit, parity bit and one stop bit. Reset 
only occurs when Rx data returns to a logic 
one state or upon chip reset. The state of 
Break Detect can be read as a status bit. 


Note: @ Since the uPD8251 and pPD8251A will frequently be handling both the reception and 
transmission for a given tink, the Receive and Transmit Baud Rates will be same. RxC 
and TxC then require the same frequency and may be tied together and connected to 
a single clock source or Baud Rate Generator. 


Examples: {f the Baud Rate equals 110 (Async): lf the Baud Rate equals 300: 
RxC or TxC equals 110 Hz (1x) AxC or Tx equals 300 Hz (1x) Aor S 
RxC or TxC equals 1.76 KHz (16x) RxC or TxC equals 4800 Hz (16x) A only 
Fixt or Txt equals 7.04 KHz (64x) Rx or TxC equals 19.2 KHz (64x) A only 


OPERATIONAL DESCRIPTION 


A set of control words must be sent to the wPD8251 and 
uPD8251A to define the desired mode and communications 
format. The control words will specify the BAUD RATE 
FACTOR (1x, 16x, 64x), CHARACTER LENGTH ( to 8), 
NUMBER OF STOP BITS (1, 1-1/2, 2) ASYNCHRONOUS 
or SYNCHRONOUS MODE, SYNDET (IN or OUT), PAR- 
ITY, ete. 


After receiving the control words, the wPD8251 and 
uUPD8251A are ready to communicate. TxRDY is raised to 
signal the processor that the USART is ready to receive a 
character for transmission. When the processor writes a 
character to the USART, TxRDY is automatically reset. 
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Concurrently, the wPD8251 and wPD8251A may receive 
serial data; and after receiving an entire character, the 
RxRDY outputis raised to indicate a completed character is 


ready for the processor. The processor fetch will automati- 
cally reset RxRDY. 


NOTE 


The yPD8251 and uwPD8251A may 
provide faulty RxRDY for the first 
read after power-on or for the first 
read after receive is re-enabled by a 
command instruction (RxE). A 
dummy read is recommended to 
clear faulty RxRDY. But this is not 
the case for the first read after hard- 
ware or software reset after the 
device operation has once been 
established. 


The wPD8251 and uw PD8251A can- 
not transmit until the TXEN (Trans- 
mitter Enable) bit has been set by a 
Command Instruction and until the 
CTS (Clear to Send) input is a “zero”. 
TxD is held in the “marking” state 
after Reset awaiting new control 
words, 


PROGRAMMING FOR USART 


The USART must be loaded with a group of two to four 
control words provided by the processor before data recep- 
tion and transmission can begin. A Reset (internal or exter- 
nal) must immediately precede the control words which are 
used to program the complete operational description of the 
communications interface. If an external RESET is not 
available, three successive 00 Hex or two successive 80 Hex 
command instructions (C/D = 1) followed by a software 
reset command instruction (40 Hex) can be used to initialize 
the uPD8251 and uwPD8251A. 


There are two control word formats: 


1. Mode Instruction 


2. Command Instruction 
MODE INSTRUCTION 


This control word specifies the general characteristics of the 
interface regarding the SYNCHRONOUS or ASYN- 
CHRONOUS MODE, BAUD RATE FACTOR, CHARAC- 
TER LENGTH, PARITY, and NUMBER OF STOP BITS. 
Once the Mode Instruction has been received, SYNC char- 
acters or Command Instructions may be inserted depend- 
ing on the Mode Instruction content. 


COMMAND INSTRUCTION 


This control word will be interpreted as a SYNC character 
definition if immediately preceded by a Mode Instruction 
that specified a synchronous format. After the SYNC char- 
acter(s) are specified or after an Asynchronous Mode 
Instruction, all subsequent control words will be interpreted 
as an update to the Command Instruction. Command 
Instruction updates may occur at any time during the data 
block. To modify the Mode Instruction, a bit may be set in 
the Command Instruction that causes an internal Reset, 
which allows a new Mode Instruction to be accepted. 
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TYPICAL DATA BLOCK 


A typical data block is shown in Figure D-6. 


cD 1 | MODE INSTRUCTION 
1 Y 
co SYNC CHARACTER 1 SYNC MODE 
cio 1 SYNC CHARACTER 2 onty © 
CD 1 [COMMAND INSTRUCTION 
co 0 DATA 
C:O0 1 JCOMMAND INSTRUCTION 
cD Oo DATA 


C:D 1 |COMMAND INSTRUCTION 


NOTE Qa) The second SYNC character 1s skipped if MODE instruction has pro- 
grammed the nPD8251 and pPD8251A to single character Internal 
SYNC Mode. Both SYNC characters are skipped if MODE 
Instruction has programmed the uPO8251 and uPD8251A to ASYNC 
mode 


Figure D-6 Typical Data Block 
MODE INSTRUCTION DEFINITION 


The wPD8251 and uwPD8251A can operate in either Asyn- 
chronous or Synchronous communication modes. Under- 
standing how the Mode Instruction controls the functional 
operation of the USART is easiest when the device is consid- 
ered to be two separate components, one asynchronous and 
the other synchronous, which share the same support cir- 
cuits and PCB. Although the format definition can be 
changed at will or “on the fly”, the two modes are explained 
separately for clarity. 


ASYNCHRONOUS TRANSMISSION 
When a data character is written into the wPD8251 and 
MPD8251A, the USART automatically adds a START bit 


(low level or “space”) and the number of STOP bits (high 
level or “mark”’) specified by the Mode Instruction. If Parity 
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has been enabled, an odd or even Parity bit is inserted just 
before the STOP bit(s), as specified by the Mode Instruction. 
Then, depending on CTS and TxEN, the character may be 
transmitted as a serial data stream at the TxD output. Data 
is shifted out by the falling edge of TxC at TxC, TxC/16 or 
TxC/64, as defined by the Mode instruction. 


If no data characters have been loaded into the wPD8251 
and pPD8251A, or if all available characters have been 
transmitted, the TxD output remains “high” (marking) in 
preparation for sending the START bit of the next character 
provided by the processor. TxD may be forced to send a 
BREAK (continuously low) by setting the correct bit in the 
Command Instruction. 


ASYNCHRONOUS RECEIVE 


The RxD input line is normally held “high” (marking) by 
the transmitting device. A falling edge at RxD signals the 
possible beginning of a START bit and a new character. 
The START bit is checked by testing for a “low” at its 
nominal center as specified by the BAUD RATE. If a “low” 
is detected again, it is considered valid, and the bit assem- 
bling counter starts counting. The bit counter locates the 
approximate center of the date, parity (if specified), and 
STOP bits. The parity error flag (PE) is set if a parity error 
occurs. Input bits are sampled at the RxD pin with the rising 
edge of RxC. Ifa high is not detected for the STOP bit, which 
normally signals the end of an input character, a framing 
error (FE) is set. After a valid STOP bit, the input character ; 
is loaded into the parallel Data Bus Buffer of the wPD8251 
and yPD8251A and the RxRDY signal is raised to indicate 
to the processor that a character is ready to be fetched. Ifthe 
processor has failed to fetch the previous character, thenew 
character replaces the old and the overrun flag (OF) is set. 
All the error flags can be reset by setting a bit in the Com- 
mand Instruction. Error flag conditions will not stop subse- 
quent USART operation. 


The Mode instruction format for Asynchronous Mode is 
shown in Figure D-7. The Transmit and Receive format for 
Asynchronous Mode is shown in Figure D-8. 
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Og Of, O04 03 D2 


BAUD RATE FACTOR 
¥ 
a: 
CHARACTER LENGTH 
5 6 7 
BITS BITS BITS nee 
PARITY ENABLE 


1 = ENABLE 0 = DISABLE 
EVEN PARITY GENERATION/CHECK 


1 = EVEN 07000 


NUMBER OF STOP BITS 


Figure D-7 Mode Instruction Format Asynchronous Mode 
SYNCHRONOUS TRANSMISSION 


As in Asynchronous transmission, the TxD output remains 
“high” (marking) until the yPD8251 and wPD8251A 
receive the first character (usually a SYNC character) from 
the processor. After a Command Instruction has set TXEN 
and after Clear to Send (GTS) goes low, the first character is 
serially transmitted. Data is shifted out on the falling edge 
of TxC and the same rate as TxC. 


Once transmission has started, Synchronous Mode format 
requires that the serial data stream at TxD continue at the 
TxC rate or SYNC will be lost. If a data character is not 
provided by the processor before the uPD8251 anduPD8251A 


09 0; D2 


TxD MARKING DATA BITS 


ea 


PARITY STOP 
BIT BiTS 


TRANSMITTER OUTPUT 
Dp 0; D2 
® 
PARITY stop 
BIT BITS 


PROCESSOR BYTE (§8 BITS/CHAR) 


| DATA CHARACTER 


ASSEMBLED SERIAL DATA OUTPUT {TxD} 


ed oe STOP 
DATA CHARACTER 


TRANSMISSION FORMAT 


RxD START 


DATA BITS 
BIT 


RECEIVER INPUT 


SERIAL DATA INPUT (RxD) 


START ; PARITY STOP 
BIT DATA CHARACTER BIT BITS 


PROCESSOR BYTE (5-8 BITS/CHAR) @ 


| DATA CHARACTER | 


RECEIVE FORMAT 


Notes (i) Generated by #PD8251/8251A 
(2) Does not appear on the Data Bus. 
(3) If character length 1s defined as 5, 6, or 7 bits, the 
unused bits are set to “zero.” 


Figure D-8 Transmit/Receive Format Asynchronous Mode 


Transmit Buffer becomes empty, the SYNC characters 
loaded directly following the Mode Instruction are automat- 
ically inserted in the TxD data stream. The SYNC charac- 
ters are inserted to fill the line and maintain synchroniza- 
tion until new data characters are available for transmission. 
If the uwPD8251 and yPD8251A become empty and must 
send the SYNC characters, the TxEMPTY output is raised 
to signal the processor that the Transmitter Buffer is empty 
and SYNC characters are being transmitted. TxEMPTY is 
automatically reset by the next character from the processor. 
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SYNCHRONOUS RECEIVE 


In Synchronous Receive, character synchronization can be 
external or internal. If the internal SYNC mode has been 
selected, and the Enter HUNT (EH) bit has been set by a 
Command Instruction, the receiver goes into the HUNT 
mode. 


Incoming data on the RxD input is sampled on the rising 
edge of RxC, and the Receive Buffer is compared with the 
first SYNC character after each bit has been loaded until a 
match is found. If two SYNC characters have been pro- 
grammed, the next received character is also compared. 
When the SYNC characters programmed have been detected, 
the vWPD8251 and uwPD8251A leave the HUNT mode and are 
in character synchronization. At this time, the SYNDET 
(output) is set high. SYNDET is automatically reset by a 
STATUS READ. 


If external SYNC has been specified in the Mode Instruc- 
tion, a “one” applied to the SY NDET (input) for at least one 
RxC cycle synchronizes the USART. 


Parity and Overrun Errors are treated the same in the Syn- 
chronous as in the Asynchronous Mode. If not in HUNT, 
parity continues to be checked even if the receiver is not 
enabled. Framing errors do not apply in the Synchronous 
format. 


The processor may command the receiver to enter the 
HUNT mode with a Command Instruction that sets Enter 
HUNT (EH) if synchronization is lost. 


The Mode format for Synchronous mode is shown in Figure 


D-9. The Transmit and Receive format for Synchronous 
mode is shown in Figure D-10. 
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CHARACTER LENGTH 
6 ? 
wits ITs ITs ats 


PARITY ENABLE 
(1 ENAQLEI 
(0 OISABLE! 


~ugm EVEN PARITY GENERATION/CHECK 
1 EVEN 
0 O00 


“om EXTERNAL SYNC DETECT 
1 SYNDET IS AN INPUT 
0 SYNOET IS AN OUTPUT 


“we SINGLE CHARACTER SYNC 
1 SINGLE SYNC CHARACTER 
O BOUBLE SYNC CHARACTER 


Figure D-9 Mode Instruction Format Synchronous Mode 


PROCESSOR BYTES 158 BITS CHAR! 
— 


DATA CHARACTERS 


ASSEMBLED SERIAL DATA OUTPUT CED 


SYNC SYNC 
CHAK Y CHAR 2 


TRANSMIT FORMAT 


DATA CHARACTERS 


SERIAL DATA INPUT IRAO) 


DATA CHARAU TERS 


PROCESSOR BYTES (5 8 BITS CHAR 


| DATA CHARACTERS 


RECEIVE FORMAT 


Note a MH charactes teaath oy delined as 5. Gor 7 tots the uoused 


bits are set to erg 


FigureD-10 Transmit/Receive Format Synchronous Mode 
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COMMAND INSTRUCTION FORMAT 


After the functional definition of the uPD8251 and uPD8251A 
has been specified by the Mode Instruction and the SYNC 
characters have been entered (if in SYNC mode), the 
USART is ready to receive Command Instructions and 
begin communication. A Command Instruction controls 
the specific operation of the format selected by the Mode 
Instruction. Enable Transmit, Enable Receive, Error Reset 
and Modem Controls are controlled by the Command 
Instruction. 


After the Mode Instruction and the SYNC characters (as 
needed) are loaded, all subsequent “control writes” (C/D = 1) 
load or overwrite the Command Instruction register. A 
Reset operation (internal by CMD IR or external by the 
RESET input) causes the wPD8251 and wPD8251A to inter- 
pret the next “control write’, which must immediately fol- 
low the reset, as a Mode Instruction. 


The Command Instruction format is shown in Figure D-11. 


STATUS READ FORMAT 


It is frequently necessary for the processor to examine the 
status of an active interface device to determine if errors 
have occurred or if there are other conditions that require a 
response from the processor. The uPD8251 and pPD8251A 
have features that allow the processor to read the device 
status at any time. A data fetch is issued by the processor 
while holding the C/D input “high” to obtain device status 
information. Many of the bits in the status register are 
copies of external pins. This dual status arrangement 
allows the vPD8251 and wPD8251A to be used in both polled 
and interrupt driven environments. Status update can have 
a maximum delay of 16 clock periods in the wPD8251 and 
and 28 clock periods in the yPD8251A. 


The Status Read format is shown in Figure D-12. 
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0, Of 0s Og 03 02 0, o&% 


TRANSMIT ENABLE 
1 enable 
O + disable 


DATA TERMINAL 
READY nies 
high will force OTP 
outpul to zero 


RECEIVE ENABLE 
1 enable 
0 - disable 


SENO BREAK 
CHARACTER 
1+ forces TRO tow 
0. normal operation 


ERROR RESET 
1 > reset all error tags 
PE OF. FE 


REQUEST TO SEND 
“high” will torce RTS 
output to zero 


INTERNAL RESET 
high | returas USART to 
Mode Instruction Format 


ENTER HUNT MOOE 
Venable search tor Syne 
Characters 3K 


*No effect in ASYNC Mode. 


Figure D-11 Command Instruction Format 
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07 06 Os Dg 03 D2 Oy 09 


SAME DEFINITIONS AS 1/0 PINS 


PARITY ERROR 
‘The PE flag 1s set when a parity 
error ts detected. It +s reset by 
the ER bit of the Command 
Instruction PE does not inhibit 
operation of the pPD8251 and 
uPDB251A 


OVERRUN ERROR 
The OE Hag ss set when the CPU 
does not read a character belore 

the neat one becomes available 

Hes reset by the ER bit of the 
Command Instruction OE does 

not inhibit operation of the wPDB8251 
and #PO8251A, bul, the pre 
viously overrun character is lost 


FRAMING ERROR (Async only) 
The FE flag 1s set when a vabd 
Stop bit 1s not detected at the 
and of every character (tos reset 
by the ER bit of the Command 
Instruction FE does not inhibit 
the operation of the uPD8251 and 
uPOB251A 


Notes (@) No elfect in ASYNC mode 
@ TxRDY status bit 15 not totally equivalent to the TRADY output pin, the relationship 
ts as follows 
TxADY status bit + DB Butler Empty 
TxADY (pin 15} + DB Buller Empty @ CTS @ TxEn 


Figure D-12 Status Read Format 
PARITY ERROR 


When a parity error is detected, the PE flag is set. It is 
cleared by setting the ER bit in a subsequent Command 
Instruction. PE being set does not inhibit USART 
operation. 


OVERRUN ERROR 


If the processor fails to read a data character before the one 
following is available, the OF flag is set. It is cleared by 
setting the ER bit in a subsequent Command Instruction. 
Although OE being set does not inhibit USART operation, 
the previously received character is overwritten and lost. 
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FRAMING ERROR* 


Ifa valid STOP bit is not detected at the end of a character, 
the FE flag is set. It is cleared by setting the ER bit in a 
subsequent Command Instruction. FE being set does not 
inhibit USART operation. 


Various applications for the USART are shown in Figure 
D-18. 


CONTROL BUS 


iano 


DATA BUS 


ASYNCHRONOUS SERIAL INTERFACE TO CRY TERMINAL, 
OC to 9600 BAUD 


Figure D-13 Application of the vPD8251 and yPD8251A 


*ASYNC mode only. 
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{ ADDAESS BUS 5 


CONTROL BUS Ss 


DATA BUS 


TELEPHONE 
LINE 


ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 


{ ADDRESS BUS J 
{ CONTROL BUS 5) 


DATA BUS 


SYNCHRONOUS 
TERMINAL 
OA PERIPHERAL 
DEVICE 


SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 


AODRESS BUS 


CONTROL BUS y 


DATA BUS 


TELEPHONE 
LINE 


SYNCHRONOUS INTERFACE TO TELEPHONE LINES 


Figure D-13 Application of the yPD8251 and 
UPD8251A (cont'd) 
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The outlines for the vPD8251C/D and wPD8251AC/D are 
shown in Figure D-14. 


Plastic 
38 0 MAX 1 496 MAX 
8 249 0.098 
ci 254 010 
Oo 05:01 002: 0004 
[~~ [3302 [ 13 
F 1S |_0059 
Ls | 254 MIN | 0 10MIN 
H 05MIN 002 MIN 
I § 22 MAX 0-205 MAX 
z= | 5 72 MAX 0 225 MAX 
x | 1826 06 
132 


0-10° 


Ceramic 


ITEM MILLIMETERS | INCHES | 


ee ee 


1.62 MAX. 0,06 MAX. 


[8 
2,54 2 0.1 0.1 + 01 
0.02 + 0,004 


PO 
48.26 + 0.1 1,9 + 0.004 
a A 
3.2 MIN. 0.13 MIN. 
T.0 MIN. 0.04 MIN. 
3.5 MAX, 0.14 MAX. 
= 4.5 MAX. 0.18 MAX. 
15.24 TYP. 0.6 TYP. 
[tf 14a tye. | 0.59 TYP, 
; “| 0.25 ? 0.05 6 O.O0TS 


Figure D-14. ~D8251C/D and wPD8251AC/D Outlines 
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APPENDIX E 


uPD8255AC-5 PROGRAMMABLE PERIPHERAL 
INTERFACES 


The three-state, bidirectional, 8-bit Data Bus Buffer (Dg-D7) 
of the uwPD8255 and pPD8255A-5 can be directly interfaced 
to the processor’s system Data Bus (Dg-D7). The Data Bus 
Buffer is controlled by execution of IN and OUT instruc- 
tions by the processor. Control Words and Status informa- 
tion are also transmitted by the Data Bus Buffer. 


Read/Write and Control Logic 


This block manages all of the internal and external transfers 
of Data, Control, and Status. Through this block, the pro- 
cessor Address and Control busses can control the peri- 
pheral interfaces. 

Chip Select, CS, pin 6 

A Logic Low, Vqq,, on this input enables the wPD8255 and 
uPD8255A-5 for communication with the 8080A/8085A. 
Read, RD, pin 5 


A Logic Low, Vy, on this input enables the wPD8255 and 
puPD8255A-5 to send Data or Status to the processor via the 
Data Bus Buffer. 


Write, WR, pin 36 


A Logic Low, V]y,, 0n this input enables the Data Bus Buffer 
to receive Data or Control Words from the processor. 


Port Select 0, Ag, pin 9; Port Select 1, Aj, pin 8 


These two inputs are used in conjunction with CS, RD, and 
WR to control the selection of one of three ports on the 
Control Word Register. Ag and A are usually connected to 
Ag and A of the processor Address Bus. 
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Reset, pin 35 


A Logic High, Vy, on this input clears the Control Register 
and sets ports A, B, and C to the input mode. The input 
latches in ports A, B, and C are not cleared. 


Group I and Group IT Controls 


Through an OUT instruction in system software from the 
processor, a control word is transmitted to the vPD8255 and 
UPD8255A-5. Information such as “MODE,” “Bit SET,” 
and “Bit RESET” is used to initialize the functional config- 
uration of each I/O port. 


Each group (I and II) accepts ‘“ccommands” from the 
Read/Write Control Logic and “control words” from the 
internal data bus and in turn controls its associated I/O 
ports. 


Group I — Port A and upper Port C (PC7-PC4) 
Group IT — Port B and lower Port C (PC3-PCg) 


While the Control Word Register can be written into, the 
contents cannot be read back to the processor. 


Ports A, B, and C 


The three 8-bit I/O ports (A, B, and C) in the vPD8255 and 
uPD8255A-5 can all be configured to meet a wide variety of 
functional requirements through system software. The 
effectiveness and flexibility of the wPD8255 and uwPD8255A- 
5 is further enhanced by special features unique to each of 
the ports. 


Port A= An 8-bit data output latch/buffer and data input 
latch. 


Port B= An 8-bit data input/output latch/buffer and an 
8-bit data input buffer. 
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FUNCTIONAL DESCRIPTION 


General 


The uPD8255 and wPD8255A-5 Programmable Peripheral 
Interfaces (PPI) are designed for use in 8080A/8085A 
microprocessor systems. Peripheral equipment can be effec- 
tively and efficiently interfaced to the 8080A/8085A data 
and control busses with the vPD8255 and wPD8255A-5. The 
HPD8255 and uPD8255A-5 are functionally configured to be 
programmed by system software to avoid external logic for 
peripheral interfaces. 


Data Bus Buffer 


The three-state, bidirectional, 8-bit Data Bus Buffer (Do-D7) 
of the uPD8255 and uwPD8255A-5 can be directly interfaced 
to the processor’s system Data Bus (Dg-D7). The Data Bus 
Buffer is controlled by execution of IN and OUT instruc- 
tions by the processor. Control] Words and Status informa- 
tion are also transmitted by the Data Bus Buffer. 


Read/Write and Control Logic 


This block manages all of the internal and external transfers 
of Data, Control, and Status. Through this block, the pro- 
cessor Address and Control busses can control the peri- 
pheral interfaces. 


Chip Select, CS, pin 6 


A Logic Low, Vqy,, on this input enables the wPD8255 and 
UPD8255A-5 for communication with the 8080A/8085A. 


Read, RD, pin 5 


A Logic Low, Vqq,, on this input enables the u.PD8255 and 
UPD8255A-5 to send Data or Status to the processor by the 
Data Bus Buffer. 


Write, WR, pin 36 


A Logic Low, V]t, on this input enables the Data Bus Buffer 
to receive Data or Control Words from the processor. 
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Port Select 0, Ag, pin 9; Port Select 1, Ay, pin 8 


These two inputs are used in conjunction with CS, RD, and 
WR to control the selection of one of three ports on the 
Control WordRegister. Ag and Aq are usually connected to 
Ao and A, of the processor Address Bus. 


Reset, pin 35 


A Logic High, V1, on this input clears the Control Register 
and sets ports A, B, and C to the input mode. The input 
latches in ports A, B, and C are not cleared. 


Group I and Group II Controls 


Through an OUT instruction in system software from the 
processor, a control word is transmitted to the yPD8255 and 
vPD8255A-5. Information such as “MODE,” “Bit SET,” 
and “Bit RESET” is used to initialize the functional config- 
uration of each I/O port. 


Each group (I and II) acepts “commands” from the Read/ 
Write Control Logic and “control words” from the internal 
data bus and in turn controls its associated I/O ports. 


Group I — Port A and upper Port C (PC7-PC4) 
Group II — Port B and lower Port C (PC3-PCg) 


While the Control Word Register can be written into, the 
contents cannot be read back to the processor. 


Ports A, B, C 


The three 8-bit I/O ports (A, B, and C) in the yPD8255 and 
uPD8255A-5 can all be configured to meet a wide variety of 
functional requirements through system software. The 
effectiveness and flexibility of the uPD8255 and uwPD825A-5 
are further enhanced by special features unique to each of 
the ports. 


Port A= An 8-bit data output latch/ buffer and data input 
latch. 
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Port B = An 8-bit data input/output latch/buffer and an 
8-bit data input buffer. 


Port C = An 8-bit output latch/buffer and a data input 
buffer (input not latched). 


Port C can be divided into two independent 4-bit control and 
status ports for use with Ports A and B. 


A block diagram of Ports A, B and C is shown in Figure E-1. 


Figure E-1_ Block Diagram 


ABSOLUTE MAXIMUM RATINGS 


Operating Temperature ................. 0°C to +70°C 
Storage Temperature .............05. -65°C to +125°C 
All Output Voltages* ................. -0.5 to +7 Volts 
All Input Voltages* ................... -0.5 to +7 Volts 
Stipply..VOlMages cue. os wotawketemeies -0.5 to +7 Volts 
*With respect to Vag 
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COMMENT: Stress above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


*T, = 25°C 


The DC characteristics, capacitance and AC characteristics 
for the uPD8255 are given in Tables E-1 through E-3. 


Table E-1 DC Characteristics 


T,*0°C to #70°C. Voc * #5V t 10%, Vgg * OV 


ee 
uPOB255A 5 TEST 
PARAMETER cma a re me UNIT CONDITIONS 


Input Low Voltage [vss-os] | osf-os{ | os |v | 
Inyot High Voltage Paar Tee ree 
Output Low Voltage pot r | Cf 4 Mabe tq 


Output High Voltage | @) 
parmednceren oo [7 wi [Von 8¥. Rent 


re a 
a i a 
[impor teviage Covent J en [| 10 | 0 [on [vy ev 
mre a CE CR 
eros ewe | eoe | Pf ff reo rou 


Notes @ Any set of erght (B) outputs from ether Port A, B or Ccan source 2 mA into 1 SV tor wPDB255, ar 4 MA into 
1 SV tor uPOB255A 5 
® For wPO8255 IO, 17 mA 
For wPO8255A5 Ig, 25 mA sor DB Port 17 mA tor Peripheral Ports 
@® For uPD8255 1OH * - 100 WA for DB Port; 60 ys for Peripheral Ports. 
For yPD8255A'5 19H * -400 pA for dB Port; - 200 yas tor Peripheral Ports 


Table E-2 Capacitance 


= 25°C: Vcc = Vsg = OV 


Ta 
LiMits | 
PARAMETER | SYMBOL ce UNIT J TEST CONDITIONS 


Input Capacitance oF fe = 1 MHz 


1/0 Capacitance Unmeasured pins 


returned to VSS 


Table E-3. AC Characteristics 


Ter HC MWC Veg + hV 1s ® Vg5 + OV 


Test 
CONDITIONS 


Addren State Betors READ. 
Adoem Statte Atter READ 


+ 
Outs Vaid From READ 6785 Cy - 100pF 
B256A.5 C, = 150 oF 
+ 

Deta Fioar Atter READ Cy * 100 pF 

CL IB oF 

Tima Batwaan READS endfor WRITES, B50 (6) 


Addrem State Batore WRITE 
‘Agorens State Ati WRITE, 
WHITE Pulse Warn 

Dew Vaid TOMMIVE ILE? 


Det Velid Ales RIVE. 


8288 CL + oF 
Jere & Cy * 180 pF 


Perpherad Oss Batore AD 
Peripheral Ose Attor AD 


[ro owe been te ote [us| 
Fememmveoue fon [et | 


* 0 To Output 


* 0 To Cumput Float 


: KOR «010 O8F +1 

*0To WF + 
AB - 1 tons -0 
RB 0 to intA- 0 
ST6= 1 ToINTR=3 0255 & Cy = 180 pF 


8256 Cy + BOpF 


‘alt 
= OTe NTA= 6 


Notes: (1) Period of Reset pulse must be at least 50 ys during or after power on. Subsequent Reset 
pulse can be 500 ns min. 
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Various timing waveforms for the “PD8255 are given in 


Figure E-2. 


MODE 0 


MODE 1 


INTR 


INPUT FROM 
PERIPHERAL ~ fmf 


Figure E-2 Timing Waveforms 
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MODE 2 


WRITE 
DATA FROM pPO8080A TO uP08255 AND uP 082554 


STB FROM PERIPHERAL 
18F 


PERIPHERAL 


aug oot ft -o) --- + ------ 
RO 
DATA FROM DATA FROM 
PERIPHERAL TO uP08255 — 4POB255 AND uPDB255A:5 ae an DATA FROM 
AND uP08255A-5 TO PERIPHERAL 


uPD8255 AND pF D8255A-5 
TO »PDBOB0A 


Nota: (1) Any sequence where WA occurs before ACK and STB occurs before RD 1s permissible. 


(INTR = IBE - MASK - STB RD + OBF - MASK - ACK - WR) 


@ When the uPDB255A-5 ts set to Mode 1 or 2, GBF 1s reset 10 be high (logic 1). 


Figure E-2 Timing Waveforms (cont'd) 


MODES 


The uvPD8255 and uwPD8255A-5 can be operated in modes (0, 


1 or 2), which are selected by appropriate control words and 
are detailed below. 
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MODE 0 


MODE 0 provides for basic Input and Output operations 
through each of the ports A, B, and C. Output data is 
latched and input data follows the peripheral. No “hand- 
shaking” strobes are needed. 


16 different configurations in MODE 0. 
Two 8-bit ports and two 4-bit ports. 
Inputs are not latched. 


Outputs are latched. 


MODE 1 


MODE 1 provides for Strobed Input and Output opera- 
tions with data transferred through Port A or B and 
handshaking through Port C. 


Two I/O Groups (I and II). 


Both groups contain an 8-bit data port and a 4-bit con- 
trol/data port. 


Both 8-bit data ports can be either Latched Input or 
Latched Output. 


MODE 2 


MODE 2 provides for Strobed bidirectional operation 
using PAo.7 as the bidirectional latched data bus. PC3.7 
is used for interrupts and “handshaking” bus flow con- 
trols similar to Mode 1. Note that PBg.7 and PCp.2 may be 
defined as Mode 0 or 1, input or output in conjunction with 
Port A in Mode 2. 


An 8-bit latched bidirectional bus port (PAg.7) and a5-bit 
control port (PC3.7) 
Both inputs and outputs are latched. 


An additional 8-bit input or output port with a 3-bit con- 
trol port. 
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The basic operation of the uPD8255 is shown in Table E-3. 


Table E-3. Basic Operation 


INPUT OPERATION (READ) 


Ay | Ap | Ab | wal CS 
(9) it} ie} 1 i!) PORT A— DATA BUS 
it} oO PORT 6 —# DATA BUS 


1 
, [0 


it) i] 
0 1 


I 


0 | PORT C—m DATA BUS 


OUTPUT OPERATION (WRITE) 


Ay | Ao ya wal cs 

Oe a) 7 0 6 BATA BUS —» PORT A 

oT TTT [0 0? DATA BUS —» PORT B 

7 mn a 0.0 DATA BUS —s PORT C 

vt [1 [0 [0 | DATA BUS —=CONTAOL | 
DISABLE FUNCTION } 

Ay | Ao [6 Wa | cS 


x 


DATA BUS —> 
HIGH Z STATE 


x x 1 


x x 
t 


DATA BUS —t 
HIGH Z STATE 


els 


NOTES 


@ x means "DO NOT CARE” 
@ Altcondiions not listed are illegal and should 
be avoided 


The formats of the yPD8255 are diagrammed in Figure E-3. 


CONTROL WORD 


Figure E-3 Formats 


CONTROL WORD 


PORT C (LOWERY 

LeiNeut 

o- output 
sorte 
reieuT 
O+ourbuT 


woot StL EC TION 
os Moot O 
1+ MODES 


MODE DEFINITION 


ac = 
bot ae 
seat 
es 
cent ides en 
bake BIT/RESET 
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The outline for the yPD8255 is shown in Figure E-4. 


[asso a 0.019 + 0.004 


5.72 MAX 0, 225 MAX 


ie 


ITEM MILLIMETERS NCES 


PA | st MAX. | 2.03 MAX. _| 
Pe |_1.62 MAX.__| 0.06 MAX, _] 
cba 0.1 [0.1 + 0.008 J 
ro [06 0.1 | 0.07? 0.000 | 
e826 0118 0008] 
a SK 
[oe _[_32MIN. | 0.13 MIN,__| 
CH | _1.0MIN. | 0.04 MIN, 
[1 fs wax 0.1 aK 
[as max. 0.18 Max. 
Le 16:24 TP, 06 TP. 
[asa rve. ose tv, 


Figure E-4 pPD8255C and wPD8255AC/D-5 Outline 
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